/L/A[-UL[]'/'
PACKA R p

HP 3458A Multimeter

Calibration Manual

i
i O Fet

Copyright € Hewlett-Packard Company, 1988

Manttal Part Number: 03458-90015 Primtedt JUNT 1988  Lidition |
Microfiche Part Number: (33458-99015 Printed jin [L5.A, LOGHE




COPYRIGHT AND DISCLAIMER NOTICE

Copyright - Agilent Technologies, Inc. Reproduced with the permission of Agilent
Technologies Inc. Agilent Technologies, Inc. makes no warranty of any kind with regard
to this material including, but not limited to, the implied warranties of merchantability
and fitness for a particular purpose. Agilent Technologies, Inc. is not liable for errors
contained herein or for incidental or consequential damages in connection with the
furnishing, performance, or use of this material or data.


GIDEP Metrology
Cropping of the black borders around each page was not accomplished,
as it increases file sizes in the database. However, this action
will be accomplished on files in future versions of Metrology DVD.


1ol L 121, 1=y [ R T b A
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Herstellerbescheinigung

Hiermit wird bescheinigt, daB das Ger&t/System HP 3458A
in Uberginstimmung mit den Bestimmungen von Postverfligung 1046/84 funkentstdrt ist.

Der Deutschen Bundespost wurde das Inverkehrbringen dieses Gerétes/Systems angezeigt und
die Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bastimmungen eingerdumt.

Zusatzinformation fur Me3- und Testgeriite

Werden Mej- und Testgerfite mit ungeschirmten Kabeln und/oder in offenen Mefaufbauten
verwandet, so ist vom Betreiber sicherzustelien, dag die Funk-Entst8rbestimmungen unter
Betriebsbedingungen an seiner Grundstiicksgrenze eingehalten werden.

Manufacturer's declaration

This is to certify that the equipment HP 34584

is in accordance with the Radio Interference Requirements of Directive FTZ 1046/84. The Ger-
man Bundespost was notified that this eguipment was put into circulation, the right to check
the series for compliance with the requirements was granted.

Additional Information for Test: and Messurement Equipment

If Test- and Measurement Equipment is operated with unscreened cables and/or used for
measurements on open set-ups, the user has to assure that under operating conditions the Radio
interference Limits are still met at the border of his premiges.

NOTICE
The information ¢ontained in this document is subject to change without notice.

HEWLETT-PACKARD MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS MATERIAL, IN-
CLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. Hewlett-Packard shall not be liable for errors contained herein or for incidental
or consequential damages in conneciion with the furnishing, performance or uze of this material.

Hewlett-Packard assumes no responsibility for the use or reliability of its software on equipment that is not furnished
by Hewlett-Packard,

This document contains proprietary information which is protected by copyright. All rights are reserved. Mo part of
this document may be photocopied, reproduced or translated to another language without the prior written consent
of Hewlett-Packard Company.
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the tme of shipment from the factory.
Hewleft-Packard further certifies that its calibration measurements are fraceable to the National Institute of Standards and
Technologies, to the extent allowed by the the Institute’s calibration facility, and to the calibration facilities of other
International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in materials and workmanship for a period
of one year from date of shipment [,except that in the case of certain components listed in Section I of this
manual, the warranty shall be for the specified period]. During the warranty period, Hewlett-Packard Company
will, at its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by -hp-. Buyer shall
prepay shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However,
Buyer shall pay all shipping charges, duties, and taxes for products returned to -hp- from another country.

Duration and conditions of warranty for this instrument may-be superceded when the instrument is integrated
into (becomes a part of) other -hp- instrument products.

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will ex-
ecute its programming instructions when properly installed on that instrument. Hewlett-Packard does not war-
rant that the opération of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer,
Buyer-supplied software or interfacing, unauthorized medification or misuse, operation outside of the environmen-
tal specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED., HEWLETT-PACKARD SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PAR-
TICULAR PURPQSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL
THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard
products.

for any assisiance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at
the back of this manual.
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SAFETY SUMMARY

The following general safety precautions muost be observed during all phases of operation, service, and repair
of this instrument. Failure to comply with these precautions or with specific warnings elsewhere in this mannal
viglates safely standards of design, manufacture, and iniended use of the instrument. Hewlett-Packard Com-
pany assumes no liability for the ¢ustomer’s failure to comply with these requirements. This is a Safety Class
1 instrument.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an electrical ground, The
instrument is equipped with a three-conductor ac power cable. The power cable must either be plugged into an
approved threc-contact electrical outlet or used with a three-contact to two-contact adapter with the grounding
wire (green) firmly connected to an electrical ground (safety ground) at the power outlet. The power jack and
mating plug of the power cable meet International Electrotechnical Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any electrical instru-
ment in such an environment constitutes a definite safety hazard.

KEEPF AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal adjustments must
be made by qualified maintenance personnel. Do not replace components with power cable ¢connected. Under
certain conditions, dangerous voltages may exist even with the power cable removed. To avoid injuries, always
disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service ot adjustment unless another person, capable of rendering first aid and resuscita-
tion, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or perform any unauthorized
modification to the instrument. Return the instrument to a Hewlett-Packard Sales and Service Office for service
and repair to ensure that safety features are maintained,

DO NOT OPERATE A DAMAGED INSTRUMENT

Whenever it is possible that the safety protection features built into this instrument have been impaired, either
through physical damage, excessive moisture, or any other reason, REMOVE POWER and do not use the in-
strument until safe operation can be verified by service-trained personnel. If necessary, return the instrument
to a Hewictt-Packard Sales and Service Office for service and repair to ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout this mannal. In-
structions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instrument. Use
extreme caution when handling, testing, and adjusting,
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Operating and Safety Symbols

Symbols Used On Products And In Manuals

AC line voltage input receptacle.

Instruction manua} symbol affixed to product. Warns and cautions the user
to refer to respective instruction manual procedures to avoid personal
injury or possible damage to the product.

Indicates dangerous voltage —terminals connected to interior voltage
exceeding 1000 volts.

Protective conductor terminal. Indicates the field wiring terminal that must
be connected to earth ground before operating equipment — protects against
electrical shock in case of fault.

Clean ground (low-noise). Indicates terminal that must be connected to
earth ground before operating equipment — for single common connections
and protection against electrical shock in case of fault.

Frame or chassis ground. Indicates equipment chassis ground '
terminal — normally connects to equipment frame and all metal parts.

Affixed to product containing static sensitive devices —use anti-static
handling procedures to prevent electrostatic discharge damage to
Ao components,

Biatia Jsnulilve
Cavions

NOTE
NOTE Calls attention to a procedure, practice, or condition that requires special
attention by the reader.

CAUTION
CAUTION " Calls attention to a procedure, practice, or condition that could possibly
cause damage to equipment or permanent loss of dala.

WARNING
WARNING Calls attention to a procedure, practice, or condition that could possibly
cause bodily injury or death.
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Chapter 1
HP 3458A Calibration Introduction

Introduction

This manual provides operation verification procedures, ad justment procedures,
and performance verification procedures for the HP 3458A Multimeter,

WARNING

The information contained in this manual is infended for the nse of service Irained
personnel who understand elecironic circuitry and are aware of the hazards invol-
ved. Do not attempt to perform any of the procedures outlined in this section e
less yout are qualified ta do so.

The manual contains five chapters and two appendixes.

Chapter 1: Introduction describes the manual contents and calibration security
features of the HP 3458A.

Chapter 2: Operational Verification provides a short test procedure to verify
that the multimeter is functioning properly,

Chapter 3: Adjustment Procedure gives the procedures for adjusting the mulli-
meter to obtain best accuracy,

Chapter 4; Performance Verification is comprised of test procedures used to
verif'y that all parts of the instrument are functioning properly and within
specification, This chapter containg Test Cards for recording the results of each
test.

Chapter 5: Command Summary provides an alphabetical summary of commands
that are used in adjusting and performance testing the HP 3458A.

Appendix A: HP 3458A Technical Specifications,
Appendix B: Product Note 3458A-3, Electronic Calibration of the HP 3458A.

Calibration The calibration security feature of the HP 3458A allows the person responsible
Security for calibration to enter a security code to prevent accidental or unauthorized
calibration (CAL) or autocalibration (ACAL). The SECURE ¢ommand is used 1¢
change the security code of the HP 3458A.

Security The security code is an integer from -2.1E-9 to 2.1E9. If the number specified is
Code not an integer, the multimeter rounds it to an integer value, The multimeter is
shipped from the factory with its security code set to 3458, Specifying 0 for the
new__code in the SECURE command disables the security feature making it no
longer necessaty to enter the security code to perform a calibration or autocal

HP 3458A Calibration Introduction
1-1




Changing the  The security code is changed with the SECURE command which has the follow-
Security Code ing syntax: q ..

SECURE old_code, new_code [,acal__secure]

The procedure for changing the security code is as follows:

1. Access the SECURE command. (Press the blue SHIFT key, then the 5
menu key. If using the full command menu, use the J, seroll key to display

the SECURE command).

2. Enter the old security code, the delimiter () and the new security code. If
you want to control the auto calibration of the multimeter, enter another
delimiter () and the acal__secure parameter ON. The instrument is shipped
from the factory with the security code set to 3458 and the aqcal__secure
parameter set to ON (security code required to do an acal).

3. Press the Enter key. The instrument will now respond to the new security
code.

In the event the security code is unknown, the security feature can be disabled to
permit a new code to be entered. Perform the following procedure to disable
the current unknown security code and enter a known code:

a. Turn the instrument of f and remove the line cord and all external inputs
to the HP 3458 A.

. Remove the top cover.
I. Remove both rear handle brackets with a #2 Pozidrive,
2. Remove the rear bezel by loosening the four #15 TORX screws,
3. With the back of the instrument facing you, remove the #10 TORX
screw securing the top cover to the right side.
4. Remove the top cover.

¢. Change the position of jumper JMG00 on the 03458-66505 assembly, or op-
tion 001 03458-66515 assembly from the left position to the right position
(front of instrument facing you).

d. Reconnect the power and turn the instrument on.

e. Access the SECURE command. (Press the blue SHIFT key then the 5
MENU key. Use the l scroll key if in the full command menuv to display
the SECURE command).

f. Enter the number 0 followed by the delimiter {,) and the security code vou
want to uge.

g. Press the ENTER key.

h. Turn the instrument of f, disconnect power, and return jumper JMG60J to
the left position (front of instrument facing you).

HP 3458A Calibration Introduction
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Hardware
Lock-Out of
Calibration

Number of
Calibrations

i. Replace the top cover and reconnect power. The instrument will now
respond to the new security code yvou just entered.

NOTE

When jumper JMG00 is in the right position, the security feature is disabled (i,
old _code =0). It is possible to calibrate the insiriment without entering a security
rurmber under these conditions. If a new security vunmber ( new__code of SECURE
command } is not entered while the fumper is in the right position, the original nim-
ber will again be in effect when fumper JMG600 is returned to the left position.

You can set jumper J132 on the 03458-66505 or 66515 (option 001) assembly to
require removing the instrument ¢over and repositioning this jumper whenever
adjustments (CAL command) are to be made. Use the following procedure to set
a hardware "lock-out" of the CAL and ACAL commands,

1. Remove the instrument top cover as described in steps a and b of the
previous section.

2, With the instrument front facing you, set jumper J132 to the right posi-
tion, A CAL or ACAL command cannot be executed when the jumper is
in this position even when the correct security code is entered.

3. Replace the top cover.

To perform an adjustment with the CAL command or do an anto-calibration

with the ACAL command, you must remove the top cover and set jumper J132
to the left position (instrument front facing you). You may attach a seal to the
top cover that must be broken to remove the cover indicating if vnauthorized
access to the hardware has occurred,

You can monitor the number of times calibration has been performed (CAL and
ACAL combined if ACAL is secured by the SECURE command) by using the
CALNUM? command. CALNUM? (calibration number query) returns a decimal
number indicating the number of times the multimeter has been unsecured and
adjusted. The number of calibrations is stored in cal-protected memory and is
not lost when power is removed. The calibration number is incremented by |
whenever the multimeter is unsecured and a CAL (or ACAL if secured) is ex-
ecuted. If autoeal is secured, the calibration number is also incremented by |
whenever an autocal is performed; if unsecured, autocal does not affect the
calibration number. ‘ ‘

NOTE: The mudtimeter was adjusted hefore it left the factory. This has incre-
menred (he calibration number. When you receive the multimeter, read the calibra-
tion number (o determine the mitial value you start with. The procedure for read-
ing the mumber of calibrations is presented after this {wm.

Read the number of calibrations with the following procedure:
1. Access the CALNUM? command. In the full command menu, press the

biue SHIFT key then the C menu key. Use the ‘L seroll key to display the
CALNUM? command. (Full command menu is obtained by pressing the

HP 3458A Calibration Introduction
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Monitoring
For CAL
Violations

Monitoring
Calibration
Constants

blue SHIFT key, the "menu” key, the | scroll key, and ENTER key.)

2, Press the ENTER key.

3. The display indicates CALNUM and the current number of calibrations.

You can use the CALSTR command in conjunction with the CALNUM? com-
mand to monitor for calibration (CAL) vielations. After each authorized
calibration has taken place, use the CALNUM? command t0 access the current
number of calibrations as described in the previous section. Store this number in
the calibration string (must be done remotely) with the CALSTR command ie.
QUTPUT 722:7CALSTR ‘calnum = 270'". At any later time, you can execute the
CALNUM? and CALSTR? commands and compare the two calibration numbers.
If the CALNUM is greater than the CALSTR entry, calibration security has been
viokated and unauthorized adjustnients performed.

The following example illustrates monitoring for CAL violations:

1. After adjustments are performed, execute CALNUM?.
Display shows "CALNUM 270"

2. Remotely execute oUTPUT 7Z2;FCALSTR 'CALNUM=270'"

3. At a later time you can verify if CAL has been violated by executing
CALNUMY? and CALSTR s#ift 7 to see if CALNUM is greater than that stored
in CALSTR,

Each time you do an ACAL, most calibration constants are recalculated.
Executing an ACAL ALL recalculates 197 of the 233 calibration constants. The
remaining constants (such ag internal reference and of fset constants) are external-
ly derived and not changed by an ACAL. Periodically yon may want 1o monitor
a particular constant and track its movement within the lower and upper limits
(see CAL? command, ca/__ifem parameter). Thiz may give you an indication of
the calibration cycle you want to establish for your HP 3458A. Information on
the externally derived calibration constants and the 197 internally derived
calibration constants is presented on the last page of Appendix B. Detailed in-
formation about each constant appears in the CAL? command located in
Chapter 5 (Command Summary).

HF 3458A Callbration Introduction
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WARNING

Only qualified, service trained personnel who are aware of the hazards involved
should remove or install the multimerer or connect wiring to the multimeter,
Disconnect the mudtimeter's power cord before removing any covers, changing the
line voltage selector switches, or installing or changing the line power fuse.

Measuring high voltage is always hazardous. All muliimeter input termiinals (both
front and rear) must be considered as hazardous whenever inputs in excess of 42V
are connected to any terminal. Regard all terminals as being at the same poiontial
as the highest voltage applied to any terminal.

HP recommends that the wiring installer attach a label to any wiring having haz-
ardous voltages. This label should be as close 1o the input terminals as possible
and shotdd be an eye catching color, sueh as red or yellow. Clearly indicate on the
label that high voltages may be present.

CAUTION

The current input ferminals (1} are rated at + 1.54 peak with a maximum
non-destructive input of <1.254 RMS. Current inputs are fuse protecied. The mul-
timeter's input voltage rafings are:

Maximum Non-
Rated lnput Deatructive Input

HI to LO input: +1000v peak #1200V peak
HI/LO ) Sense to LO Input: +200V peak +350V peak
HI to LQ Q Sense: +200V peak +350V peak
LO Input to Guard: +200V peak 1350V peek
Guard to Earth Ground: +500V peak +1000V peak
RIZLQ Input, RI/LO Q Sense,
or 1 terminal to earth ground: +1000V pesk +1500v peak
Front terminals to rear terminals: +1000v peak +1300V peak

The muliimeter will be damaged if any of the abeve maximum non-destructive
inputs are exceeded,

HP 3458A Calibration Intraduction
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Chapter 2
Operational Verification Tests

Introduction

Operational Tests

Required
Equipment

Preliminary
Steps

This section contains Operational Verification Tests which provide an ab-
breviated method of testing the operation and accuracy of the unit. The
Operational Verification Tests are designed to provide a 90% confidence that the
HP 3458A is operational and meets the specifications listed in Appendix A,

Operational Verification Tests perform a three point verification. These three
paints are the basis for all internal electronic adjustments (see the section titled
"The Basis for Auto-Calibration" in Appendix B, Electronic Calibration of the
HP 3458A). Prior to the three point test, a self tegt verifies that all calibration
constants are within their upper and lower limits, an indicator of proper opera-
tion.

The following equipment or its equivalent is required for these operational tests.

* Stable DC voltage/resistance standard (Datron 4000A or equivalent)

* Transfer standard DMM (HP 3458A Opt. 002 within 90 days of CAL)
= Low thermal short (copper wire)

* Low thermal test leads (such as HP 11053A, 11174A, or 11058A)

NOTE: FEquipment requived for the adjustement procedures can be used for opera-
tional tests since the three paint fesi verifies the external adfusiment poinis of the
ad f ustment procedire.

To have your transfer standard HF 34584 Opt. 002 calibrated to 90 day specifica-
tions, contact your HP sales and service of fice.

I. Verif'y that the DC voltage/resistance standard is properly warmed up.

2. The HP 3458 A requires a 4 hour warm-up period. If this has not occurred
turn the instrument ON and allow it to warm up before proceeding,

3. The internal temperature of the HP 3458 A under test must be within 5 degrees
C of ity temperature when last calibrated. Use the TEMP? command to obtain
the current internal temperature and compare it to the calibration temperature
obtained by executing the command GAL? 59 for DCV and CAL? 60 for OHMS,
You can vse the < and = scroll keys to view entire CAL? message, Record the
temperatures on the Test Card.

4. If the instrument self test has not been run, makeicertain all inputs are discon-
nected and execute the TEST function. The dlsplay must read "SELF TEST
PASSED".

5. Execute the ACAL OHMS function. This auto calibration will take

Operational Verification Tests
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2-Wire Ohms

Function
Offset Test

4-Wire Ohms

Function
Gain Test

approximately ten minutes to complete,

6. Configure the transfer standard DMM as follows:
» OHM
« NDIG 8
« NPLC 100
« TRIG 5GL

7. Configure the DMM under test as follows:
* OHM
+ NDIG 8
* NPLC 100
*» TRIG SGL.

This procedure operation verifies 2-wire ohms offset for both the front and rear
terminals.

1. Connect a low thermal short across the HP 3458A front Hl and LO terminals
(see Figure 3-1).

2, Yerify that the Terminals switch is in the Front position,

3, Set the HP 3458A under test to the 10 § range (function = OHM), Allow five
minutes for the range relays to thermally stabalize.

4, Execute Trig from the front panel two times and use the Operational Test
Card to record the offset reading. Reading must be less than the limit
specified on the test card.

5. Remove the short from the front panel input terminals and connect it to the
rear input HI and LO terminals.

6. Change the Terminals switch to the Rear position.

7. Allow five minutes for thermal stabalization.

8. Execute Trig from the front panel two times and record the rear terminal off-
set reading on the Operational Test Card. Reading must be less than the limit
specified on the test card. If reading is greater than the limit, refer to Chapter

3 to make adjustments.

9. Remove the short from the rear input terminals.

The following procedure verifies the gain of the ohms function, The 10 KQ
point is vsed for internal electronic calibration using ACAL. The procedure
requires alternately connecting the transfer standard DMM and then the

HP 3458 A under test to the resistance verification standard as described in the
Chapter 4 section titled "General Test Procedure”,

1. Connect the resistance standard to the transfer standard DMM 4-wire ohms
front input terminals.

2, Set the Terminals switch of both DMMs to the Front position,

Operational Verification Tests
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DC Voltage
Function
Gain Test

3. Set the range of the transfer standard DMM to 10 KQ (function = QHMF),
4, Set the range of the HP 3458A under test to 10 K (function = OHME),

5. Set the resistance standard to 10 KO

6. Execute Trig from the front panel two times and read the value of the resis-
tance standard as measured with the transfer standard DMM and record this
reading in the "Transfer Standard Reading" column of the Ohms Gain
Operational Test Card.

7. Remove the connection between the transfer standard DMM and the resis-
tance gstandard.

8. Connect the resistance standard to the 4-wire ohms input terminals of the
HP 3458A under test.

9. Execute Trig from the front panel two times and read the value az measured
with the HP 3458 Aunder test and record this value in the "Unit Under Test
Reading" column of the 4-Wire Ohms Function Gain Operational Test Card.

10. Calculate, and record in the column provided, the difference (absolute value)
between the transfer standard DMM reading and the unit under test reading
for the test,

11. If the difference calculated is greater than the specified limits, refer to
Chapter 3 "Adjustment Procedures”, to make ad justments.

12, Disconnect the resistance standard from the HP 3458A input terminals.

The following procedure verifies the 10V input on the 10V range. This test
verifies the gain of the DC voltage function and checks the point used for inter-
nal adjustments by ACAL. The procedure requires alternately connecting the
transfer standard DMM and then the HP 3458A under test to the DC verifica-
tion source as described in the general test description of chapter 4, Performance

Verification Tests.

L. Execute the ACAL DCV command using the front panel "Auto Cal" key and
scroll keys. This auto calibration will take approximately two minutes to

complete,

2. Configure the transfer standard DMM as follows;
* DCV
*« NDIG 8
* NPLC 100
* Trig SGL

3. Configure the DMM under test as follows:
* DCV
* NDIG 8
* NPLC 100
* Trig SGL

4. Set the range of the transfer standard DMM to 10V (function = DCV),

Operational Veriffcation Tests
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DC Voltage
Function
Otfset Test

Turnover
Check

5, Set the range of the HP 3458A under test to 10V (function = DCV),
6. Connect the DC voltage source to the transfer standard DMM,

7. Set the DC voltage source to 10V,

8. Execute Trig SGL and read the output of the DC voltage source as measured
with the transfer standard DMM and record this reading in the "Transfer
Standard Reading” column of the DC voltage Operational Test Record.

9, Remove the connection from the transfer standard DMM to the DC voltage
source,

10, Connect the HP 3458 A under test to the DC voltage source,

11. Execute Trig SGL and read the value as measured with the HP 34538A under
test and record this value in the "Unit Under Test" column of the DC voltage

Operational Test Record,
12. Connect the DC voltage source to the transfer standard DMM.
13, Repeat steps § through 11 for a -10V DC voltage source output.

14. Calculate, and record in the column provided, the difference (absolute value)
between the transfer standard DMM reading and the unit under test reading.

15, If the difference calculated is greater than the specified limits, refer to
Chapter 3 "Adjustment Procedures”, fo make adjustments.

This procedure tests the DCV offset voltage specification on the 10V range.
This reading and the 10V and -10V readings from the previous DCYV gain test are
used to do a turnover check of the A-D converter and verify its linearity.

1. Connect a low thermal short across the front panel Hl and LO input terminals
of the DMM under test {(see Figure 3-1).

2. Set the range of the HP 3458A under test to 10V,

3, Let the instrument sit for five minutes before taking a reading to allow the
short and relays to thermally stabilize.

4, Execute Trig and record the offset reading on the Test Card.

The turnover check is a calculation using the unit under test readings from tests
4, 5, and 6 on the Test Card. This check verifies the linearity of the A-to-I> con-
verter which is fundamental to the HP 3458A’s calibration technique. Calculate

the following:
(UUT Reading #4) - (UUT Reading #6) = A
(UUT Reading #5) - (UUT Reading #6) = B

If the A-to-D converter is linear, the difference in the absolute values of A and
B will be less than or equal to 4 UV.

Operational Verification Tests

2-4




F
H
H
i
i
f
3

£200000 " 0f £200000° 00

A Ol loUs g

1391 18SHO UoR3ung afeyoa 2ag

YE20000 7¢O 2480000 00

LU 138 A OL-

¥ER0O00 700 2680000 00

A QL A oL i
1sal wes uonound abeyop 9g

A3 TYIY UB WIO4I34g

(3 sas4B3p ¢ ueyy ssay g }Snm - CETERETNER )
12 ETl

85 &71¥]

2FL0007 0D 271600 0)

ADOSZ 00 £0052700

L0082 a0 L0052 00

Wwoor mim £
153] WED UROUNg SWIQ DJM-f

(SI1BULWLIZ] JEay)

¥iN 3ol Hoys
{SIBULWIS] Juod4)

Y/H U ol idous

S1S8L 198O ULNIUNS SWIYQ SIIM-Z

1184 ssed (20 3do) 3wt (PIS) yuwiq 3oUa434410

1]

Ag pamaoyiad 358

Bulpeay Gulpeay abuey ndup
1s=] FIpun }iun Paepuels Jsysued) ¥asyL ¥ESYE # 1s2]

SHHO I¥3Y ue wioiaay

(3 sesafiap ¢ uBYyl $53] g JShW} - FAUBJBLSLA
LdH3L

(LA

Jagunig \BLtrag

J333ULIINH 123161 ¥ESHE 19POH PJERIEG-IIB| MY

SLIWIT HYIA | - QYYD 1$31 TYNOILYHIdO




w1 312 T PTTD W TT TP WU B P

Chapter 3
Adjustment Procedures

Introduction

Required
Equipment

This section contains procedures for adjusting the HP 3458A Multimeter. The
HP 3458A uses closed-box electronic adjustment. No potentiometers or other
electro-mechanical ad justments are used and the complete adjustment is done
without removing any of the multimeter’s covers. QOnly a voltage standard, a
resistance standard, a low-thermal short, and an AC signal source are needed to
perform all of the adjustments. This chapter contains the following adjustment
procedures,

1. Front Terminal Offset Adjustment

2. Rear Terminal Offset Adjustment

3. DC Gain Adjustment

4. Resistance and DC Current Adjustment
5. AC Adjustment

You must perform the adjustments in the order pregented in this chapter. All of
the adjustments can be performed in approximately one hour (you must allow 4
hours of warm-up time from the time power is applied to the multimeter before
performing any adjustments). Whenever adjusting the multimeter, always per-
form the adjustments numbered 1 through 4 in the above list. Adjustment num-
ber 5 (AC Adjustment) is required only once every 2 years or whenever the
03453-66502 or 03458-66503 PC assembly has been replaced or repaired, Produet
Note 3458A-3 in Appendix B discusses the purpose of each ad justment in detail,

An Adjustment Record is located at the back of this chapter. You should make
photocopies of this record and complete the record whenever the multimeter is
adjusted. The record contains information such as the date, which adjustments
were performed, the calibration number, and the multimeter’s ad Justment tem-
perature. You can then file the adjustment records to maintain a complete ad-
justment history for the multimeter,

You will need the following equipment to perform the ad justments;

* A low-thermal 4-terminal short for the offset ad justments (this is typicallv a
bent piece of copper wire as shown in Figure 3-1).

* 10 VDC Voltage Standard--Fluke 732A or equivalent (for the DC Gain
Adjustment),

* 10k Resistance Standard--Fluke 742-10K or equivalent (for the Resistance
and DC Current Adjustment),

* AC Source--HP 3325A Synthesizer/Function Generator or equivalent (for the
AC adjustment).

The resultant accuracy of the multimeter depends on the accuracy of the
equipment used, the thermal characteristics of the short, and the type of cabling
used. We recommend high impedance, low dielectric absorption cables for all
connections.

Adjustment Procedures
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Pre_l imina ry Perform the following steps prior to adjusting the HP 3458A:
Adjustment
Procedure 1. Select the ad justment area. You can adjust the HP 3458A on the bench or in a
system cabinet. The temperature of the adjustment environment should be be-
tween 15°C and 30°C. The more thermally stable the environment is, the
more accurate the adjustment.

. Connect the HP 3458A to line power and turn the multimeter on. Refer to
"Installing the Multimeter” in Chapter 1 of the HP 3458A Operating,
Programming, and Configuration Manual for information on setting the line
voltage switches and installing the line power fuge,

. Remove all external input signals from the front and rear input terminals.

. Select the DCV function (use the DCV key) and the 100 mV range (repeatedly
press the down arrow key until the range no longer changes). (Refer to
Chapter 2 of the HP 3458A Operating, Programming, and Configuration
Manual for more information on front panel operation.)

. Set the front panel Terminals switch to the Front position.

. Allow the multimeter to warm up for 4 hours from the time power was ap-
plied. (At this point, you can connect the 4-terminal short to the front ter-
minals as shown in Figure 3-1 to prepare for the Front Terminal Offset
Adjustment.)

BENT WIRE (12 to 14 GAUGE COPPER?
(PRIOR TO INSTALLATION)

~

[} Sense
(4 Wire} {

en
% 1o

h 147250V
i + A
" = A1) Term LOOYVPK Max T

34580PC: CAL. 3.1

Figure 3-1. 4-Terminal Short.
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Front
Terminal
Offset
Adjustment

Rear
Terminal
Offset
Adjustment

This adjustment uses an external 4-terminal short, The multimeter makes of fyet
measurerrtents and stores constants for the DCV, DCI, OHM, and OHMF func-
tions. These constants compensate f'or internal offset errors for front terminal
measurements,

Equipment required: A low-thermal short made of 12 or 14 gauge solid copper
wire as shown in Figure 3-1.

1, Make sure you have performed the steps described previously under
"Preliminary Adjustment Procedures”,

2. Connect a 4-terminal short across the front panel HI and LO Input terminals
and the HI and LO  $ense terminals as shown in Figure 3-1.

3. After connecting the 4-terminal short, allow five minutes for thermal
equtlibrium.

NOTE: Take precautions to prevent thermal changes near the 4-wire short, Your
should wnot touch the short after it i3 jnstalled. Tf drafis exist, you showld cover the
inpul terminals/short o minimize the thermal changes.

4, Execute the CAL 0 command. The multimeter automatically performs the
front terminal offset adjustment and the display shows each of the various
steps being performed. This adjustment takes about 5 minutes. When the ad-
justment ig complete, the multimeter returns to displaying DC voltage
measurements.

This adjustment compensates for internal offset errors for rear terminal
measurements,

1. Connect the 4-terminal short to the rear terminals,
2. Set the front panel Terminals switch to Rear.

3. After connecting the 4-terminal short, allow five minutes for thermal
equilibrium,

NOTE: Take precautions 1o prevent thermal c‘hang}e.i near the 4-wire short. You
should not touch the short after it 1s installed. [ drafts exist, you shonld cover the
fnput terminals /short to mtinimize the thermal changes.

4. Execute the CAL 0 command. The multimeter automatically performs the
rear terminal offset ad justment and the display shows each of the various steps
being performed. This adjustment takes about 5 minutes, When the adjust-
ment s complete, the multimeter returns to displaying DT voltage
measurements.

. Remove the 4-terminal short from the rear terminals.

Adjustment Procedures
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DC Gain
Adjustment

Adjustment Procedures
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In this adjustment, the multimeter measures the standard voltage using its 10V
range. The multimeter then adjusts its gain so that the measured value agrees
with the standard’s exact value (specified using the CAL command). The multi-
meter then measures its 7V internal reference voltage using the 10V range and
stores both the 10V gain adjustment constant and the value of the internal 7V
reference. This adjustment also automatically performs the DCV autocalibration
with computes DC gain constants,

Equipment required: A DC voltage standard capable of providing 10 VDC (the
resultant accuracy of the HP 3458A depends on the accuracy of the voltage
standard).

NOTE: Voltage standards from 1VDC to 12VDC can be used for this procedure.
However, using a voltage standard <10VDC will degrade the multimeter’s aceuracy
specifications.

1. Select the DC Voltage function.
2. Set the front panel Terminals switch to Front,

3. Connect the voltage standard to the multimeter’s front panel Hl and LO Input
terminals as shown in Figure 3-2. If using a Guard wire (as shown in Figure
3-2), set the Guard switch to the Open position. If not using a Guard wire, set
the Guard switch to the To LO position.

4, Execute the CAL command specifyving the exact output voltage of the stan-
dard. For exampie, if the standard’s voltage ig 100001 VDC, execute CAL
10,0001, The multimeter automatically performs the DC gain ad justment and
the display shows each of the various steps being performed. This ad justment
takes about 2 minutes. When the adjustment is complete. the multimeter
returns to displaying DC voltage measurements,

5, Disconnect the voltage standard from the multimeter.




HP 3458A

Resistance
and DC
Current

Adjustment

DG VOLTAGE STANDARD

2, OVEN TEMP CHASSIS GUARD
) THERMISTOR GROUND d

Figure 3-2. DC Gain Adjustment Connections

This ad justment calculates gain corrections for the resistance and DC current
ranges, The DC Gain Adjustment must be performed prior to this adjustment

because this adjustment relies on the values calculated by the DC Gain
Adjustment.

Adjustment Procedures
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NOTE: When of fset compensated ohms is enabled (OCOMP ON cormmand A the
defauit delay time used by the multimeter for this adfustment is iy 50ms (50ms is
the settling time used after the current source is swirched on or off). For most
resistance standards and cabling, this provides adeguate setiling time for the
measurements made during the adjustment. If, however, the resistance standard
and /or cabling has slow transient response or high dielectric absorption you should
specify a longer delay, You can determine this experimentall Y prior to performing
the following adjusiment by measuring the resistance standard using a 30ms delay
and then measuring it using a much longer delay (e.g., I second). If the iwe
measurements are significantly different, you shouid use a longer delay in the ad-
fustment procedure. You must specify the longer delay using the DELAY com-
mand prior 10 executing the CAL command ( step 3.). For example, to specify a
200ms delay execute: DELAY 200E-3. The mudtimeter will then use the specifiod
delay in the adjustment. If a value of less than 50ms is specified, the mulineror
will automatically use a delay of 50ms. Do not specify a delay longer than 60
seconds; a delay »60 seconds will adversely af fect the adjustment,

Equipment required: A 10k( resistance standard (the resultant aceuracy of the
multimeter depends on the accuracy of the resistance standard used).

NOTE: Resistance standards from TS to 12502 can be used for the procedure,
However, using a resistance standard <10k will degrade the multimeter's aceurac ¥
specificarions,

L. Belect the 4-wire ohms measurement function (use the ghifted OHM key).

2. Execute the OCOMP ON command (use the front panel Offset Comp 2 key).

NOTE: You can perform this adjustment with of fset compensation disabled
(QCOMP OFF commandj. This eliminates the settling time requirernent (DETAY
command ) when dealing with high diclectric absorption in the adiusiment setup
(see note at the beginning of this adjusiment), However, with of fset compensation
disabled, any offset voltages present will af feet the adjusiment. For most applica-
tions, we recommend enabling of fset compensation for this adjustment.

3. Set the front panel Terminals switch to Front.

4. Connect the resistance standard to the multimeter’s front panel Hl and LO
Input and HI and LO Sense terminals as shown in Figure 3-3. If using a Guard
wire (as shown in Figure 3-2), set the Guard switch to the Open position. If
not using a Guard wire, set the Guard switch to the To LO position.

5, Execute the CAL command specifying the exact value of the resistance stan-
dard. For example, if the standard’s value is 10,003k, execute CAL 10.003E3,
The multimeter avtomatically performs the resistance and DC current ad just-
ment and the display shows each of the various steps being performed, This
adjustrment takes about 12 minutes. When the adjustment is complete, the mul-
timeter returns to displaying resistance readings.

6. Disconnect the resistance standard from the multimeter.
7. Execute the ACAL AC command (use the AUTO CAL key). This autocalibrates

the multimeter’s AC section since the following AC Adjustment is normally
performed only once every two vears or whenever the 03458-66502 or

Adjustment Procedures
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AC
Adjustment

03458-66503 PC Assembly has been replaced or repaired. The AC
autocalibration takes about 1 minute to complete.

HP 34584 RESISTANCE STANDARD

Figure 3-3. Resistance and DC Current Adjustment Connections

This ad justment is only required once every two years or whenever the
03458-66502 PC Assembly or the 03458-66503 PC Assembly has been replaced or
repaired. This ad justment sets the internal crystal frequency for the f requency
and period measurement functions; adjusts the attenuator and amplifier high
frequency response; and adjusts the Time Interpolator timing accuracy.
Following this adjustment, the internal circuits have constant gain versus
frequency.

Equipment required:

® HP 3325A Synthesizer/Function Generator or equivalent.

® 3V Thermal Converter, Ballantine 1395A-3 or equivalent.

® |V Thermal Converter, Ballantine 1395A-1 or equivalent.

® 0.5V Thermal Converter, Ballantine 1395A-0.4 or equivalent.

® 50 BNC cable (keep this cable as short as possible)

* 50 resistive load (typically a 50Q carbon composition or metal film resistor).
¢ BNC to Banana Plug Adapter--HP 1251-2277 or equivalent.

Adjustment Procedures
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CAUTION

In the following procedure, the owrput voltage of the synthesizer is adjusted with
the thermal converters in-circuit, Thermal converters are typically easily damaged
by voltage averload. Use extreme care to ensure the voltage applied to the thermal
converters does not exceed the thermal converter's maximum voltage rating.

Procedure

In the following procedure, steps | through 12 characterize the frequency flat-
ness of the synthesizer and cabling configuration. The equipment settings deter-
mined from this characterization are then vsed in the remaining steps to precisely
adjust the multimeter.

NOTE: The voltages referenced in this procedure are 3V, 1V, and 100mY rms for
the SCAL 10, SCAL 1, and SCAL I cormmands, respectively. If necessary, you
can usc any valie between 3V and 10V rms wherever 3V is referenced, 300mV to
1V rms wherever 1V is referenced, and 30mV to 100mV wherever 100mV is
referenced (make sure not (o exceed the voltage rating of the thermal converters),
(Youe stifl execinte the SCAL 10, SCAL I, and SCAL I commands regardless of
the rms voltage value used ). Whenever making low-level measurements, take
precautions (o minintize noise and interference in the test setup. Refer (o "Test
Considerations” in Chapter 4 for more information.

1. Execute the ACAL AC command, Following the autocal, execute the RESET
command.

. Set the front panel Terminals switch to Front. Set the Guard switch to the To
LO position,

. Set the synthesizer to deliver a 3V rms sinewave at a frequency of 100 kHz
Connect the synthesizer, the 3V thermal converter, and the multimeter as
shown in Figure 3-4. Record the exact DC voltage measured by the multi-
meter on Line A of the Adjustment Record.

Adjustment Procedures
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Figure 3-4. Characterizing the Adjustment Setup

. Set the synthesizer to deliver a 3V rms sinewave at a frequency of 2 MHz.
Adjust the synthesizer’s output voltage until the voltage displayed on the mul-
timeter is within 0.2% of the voltage recorded on Line A. Record the syn-
thesizer’s voltage setting on Line C of the Adjustment Record.

. Set the synthesizer to deliver a 3V rms sinewave at a frequency of 8§ MHz
Adjust the synthesizer until the voltage displayed on the multimeter is within
0.2% of the voltage recorded on Line A. Record the synthesizer’s voltage set-
ting on Line D of the Adjustment Record,

. Set the synthesizer to deliver a 1V rms sinewave at a frequency of 100 kHz.
Replace the 3V thermal converter with the 1V thermal converter. Record the
exact DC voltage measured by the multimeter on Line E of the Adjustment
Record.

. Set the synthesizer to deliver a 1V rms sinewave at a frequency of 8 MHz
Ad just the synthesizer until the voltage displayed on the multimeter is within
0.2% of the voltage recorded on Line E. Record the synthesizer’s voltage
setting on Line F of the Adjustment Record.

Adjustment Procedures
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8. Set the synthesizer to deliver a 100mV rms sinewave at a frequency of 100
kHz. Replace the 1V thermal converter with the 0.5V thermal converter.
Record the exact DC voltage measured by the multimeter on Line G of the
Adjustment Record.

9, Sel the synthesizer to deliver.a 100mV rms sinewave at a frequency of 8§ MHz
Adjust the synthesizer until the voltage displayed on the multimeter is within
0.2% of the voltage recorded on Line G. Record the synthesizer’s voltage set-
ting on Line H of the Adjustment Record.

10. Disconnect the thermal converter and connect the synthesizer, 50 resistive
load, and multimeter as shown in Figure 3-5.

HP 3325A SYNTHESIZER

BNC CABLE

BNC TC
BANANA PLUG

5¢ 0 RESISTIVE LOAD

1a/200¢
AT Torm LOMIVEK Max A

Figure 3-5. AC Adjustment Connections

11. Set the synthesizer to output 3V rms at 100 kHz. Execute the SCAL 1E5
command. The multimeter automatically performs the adjustment. When the
adjustment is complete, the multimeter returns to displaying DC voltage
readings.

2. Without changing the synthesizer settings, execute the SCAL 10 command as

Adjustment Procedures
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shown on Line B of the Adjustment Record.

13. Set the synthesizer to the voltage and frequency shown on Line C of the
Adjustment Record. Execute the SCAL command as shown on Line C of the
Adjustment Record,

14, Repeat step 13 for each synthesizer setting and SCAL command shown on
Lines I through H on the Adjustment Record,

15. Disconnect all equipment from the multimeter.

16. Execute the ACAL AC command.

Adjustment Procedures
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HP 3458A Adjustment Record

Adjusted by:

HP 3458A serial number or other device 1D number;

Previous calibration number (CALNUM? command): (record this number before ad-
justing the multimeter)

Adjustments performed: *

1. ___ Front Terminal Offset Adjustment

2. Rear Terminal Offset Adjustment

3. DC Gain Adjustment (DCV Standard Uncertainty = )

____ Resistance and DC Current Adjustment (Resistance Standard Uncertainty =

*

4
5‘ AC Adjustment:

Multimeter Synthaslzer AC source Execute Adjustment
Reading setting frequency  Command Description

Lina A 3v 100 kHz  SCAL 1E5  Frequency
Adjustment

Line v 10¢ kHz  SCAL 10 Low-freq. voltage
reference

Line 2 MH=z SCAL 10 Time interpolator
& flatness

Line B MHz  S8CAL 10 Flatness
Adjustment

Line 100 kHz  SCAL Low-freq voltage
refarance

Line 8 MHz  SCAL Flatness
Adjustment

Line SCAL . Low-freq wvoltage
reference

Line 5CAL Flatness
Adjustment

internal adjustment temperature (TEMP? command); °C

Calibration number (CALNUM? command): (record this number after adjusting the
multimeter)

Callbration secured: unsecured:

*Always perform the above adjustrients numbered 1 through 4: adjusiment pumber 5 is only required once every 2 years or whenever
the 03458-66502 o 03458-66503 PC Assembly has been replaced or repaired.

Adjustment Procedures
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Chapter 4
Performance Verification Tests

Introduction

Required
Equipment

Test Card

Calibration
Cycle

Test
Consider-
ations

This chapter containg performance tests designed to verify that the HP 3458A
Multimeter is operating within the specifications listed in Appendix A. The
Performance Tests are performed without access to the interior of the instru-
ment.

The equipment required for the performance tests is listed below, Equipment
other than that recommended can be used as long as the gpecifications of the
substituted equipment is equivalent to that recommended.

. Datron 4000A Autocal DC Standard

. Datron 42004 Autocal AC Standard

. HP 3325A Function Generator/Frequency Synthesizer

. Transfer standard DMM (HP 3458A Opt. 002 within 90 days of CAL)

. Low thermal short (see Figure 3-1) ‘

. Low thermal test leads (such ag HP 11053A, 11174A, or 11058A)
Shielded test leads (such ag HP 11000-60001)

NOTE: To have your transfer standard HP 34584 Opi. 002 calibrated (0 90 duy
specifications, contact your HP sales and service of fice.

Results of the performance tests may be tabulated on the Test Card located at
the end of the test procedures, Make copies of the Test Card for performance
test tabulations and retain the originals to copy for use in future performance

testing, The Test Card lists all of the tested functions and the acceptable limits
for the test results,

The frequency of performance verification depends on the instrument’s usage
and the environmental operating conditions, To maintain 24 hour or 90 day
specifications, the instrument should be checked at these intervals by a metrology
lab with test capability for these accuracies. For normal operation, 1t is recom-
mended vou perform performance verification every year,

This section discusses many of the major problems associated with low-level

measurements. Many of the measurements in this manual fall into this category,
It is beyond the scope of this manual to go into great detail on this subject. For
more information, refer to a texthook dealing with standard metrology practices.

# Test leads: Using the proper test leads is critical for low-level measurements,
We recommend using Teflon® cable or other high impedance, low dielectric
absorption cable for all measurement connections. It is important to periodi-
cally ¢clean all connection points (including the multimeter terminais) using a
cotton swab dipped in alcohol.

®Tefion is a registered trademark of EI DuPont de Nemours and Company.

Performance Verification Tests
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* Noise Rejection: For DC voltage, DC current, and resistance measurements,
the multimeter achieves normal mode noise rejection (NMR)* for noise at the =
A/D converter's reference frequency (typically the same as the power line 0
frequency) when the integration time is > 1 power line cycles. You can specify
integration time in terms of power line ¢ycleg (PLCs) using the NPLC com-
mand, For maximum NMR of 80dB, set the power line cycles to 1000 (NPLC
1000 command).

Guarding: Whenever possible, make measurements with the multimeter’s Guard
terminal connected to the low side of the measurement source and the Guard
switch set to the Open position (guarded measurements). This provides the
maximurtn effective common mode rejection (ECMR),

Thermoelectric Voltages (Thermal EMF). This is a common source of errors
in low-level measurements, Thermal EMF occurs when conductors of dis-
gimilar metals are connected together or when different parts of the circuit
being measured are at different temperatures. Thermal EMF ¢an become
severe in high-temperature environments. To minimize thermal EMF, minimize
the number of connections; use the same type of metal for all connections;
minimize the temperature variations across the measurement wiring; try to
keep the multimeter and the wiring at the same temperature; and avoid high-
temperature environments whenever posgible,

Electromagnetic Interference (EMI): This type of interference is generally
caused by magnetic fields or high levels of radio frequency (RF) energy.
Magnetic fields can surround all types of eguipment operating off of AC line
power, especially electric motors. RF energy from nearby radio or television
stations or communications equipment can also be a problem, Use shielded
wiring whenever the measurement setup is in the presence of high EMIL If
possible, move farther away or turn off sources of high EML It may be neces-
sary to test in a shielded room.

Ground Loops: Ground loops arise when the multimeter and the circuit under
test are grounded at physically different points. A typical example of this is
when a number of instruments are plugged into a power strip in an equipment
rack. If there is a potential difference between the ground points, a current
will flow through this ground loop, This generates an unwanted voltage in
series with the circuit under test. To eliminate ground loops, ground all equi-
pment/circuits at the same physical point.

* Normal mode noise rejection is the pullimeters ability to reject noise at the power line [requency From DC voltage, DC curreal. or
resistance measurements,

Performance Verification Tests
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General
Test
Procedure

The following performance tests utilize a transfer standard DMM to precisely
measure the verification source. The transfer standard DMM recommended is
an HP 3458A option 002 (high stability) that is within a 90 day calibration. The
verification source is first measured by the transfer;standard DMM and then
connected to the unit under test. The general test procedure is as follows:

A. Performed one time prior to testing (Preliminary steps).
1, Verify that the Verification Source is properly warmed up.

2. The HP 3458A requires a 4 hour warm-up period. Verify that the transfer
standard DMM and the HP 3458A unit under test (UUT) are properly warmed
up.

3. The internal temperature of the HP 3458A under test must be within 5 degrees
C of its temperature when last adjusted (CAL 0, CAL 10, and CAL 10K). These

temperatures can be determined by executing the commands CAL? 58, CAL? 59,
CAL? 60.

4. If the instrument self test has not been run, verif'y all inputs are disconnected
and execute the TEST function. The display must read "SELF TEST PASSED",

B. Repeated for each function and range tested.

5. Execute the ACAL command for the function being tested on both the trans-
fer standard and the unit under test (UUT),

6. Confizure the transfer DMM as specified in each test.
7. Configure the DMM under test as specified in each test.

8. Connect the Verification source to the transfer standard DMM and determine
the source output (see Figure 4-1A). Record this value on the Test Card under
"Transfer Standard Reading".

9, Disconnect the Verification Source from the transfer standard DMM and
connect it to the HP 3458A under test (see Figure 4-1B). Record thiz value on
the Test Card under "Unit Under Test Reading",

10. Calculate the difference between the transfer standard DMM reading and the
UUT reading. Record the absolute value (ignore sign) of the difference on the
Test Card under "Difference”.

11. Commpare this difference to the allowable difference specified on the Test
Card. If less than the specified difference, note that the test passed. If greater
than the specified difference, note that the test failed.

Pertormance Verification Tests
4.3




WNPIFCLJ 153, (RIS *[-p 2NTLE

= L ——— 2 HE O =
Cooo) ool EERess) (i) & Do o:| [BEEs EeEZREn
coog| oo F k=

[
Q09 | [oaooo

Lnn ¥8ske dH Tl ===l u— "ALS HIASHYYL

1531 H30MN ¥8SEE dH QL TWNSIS L¥HL AddY '8
JIHMCS MOILYOIATH3IA

[CooG@| [Oo NS | oo [og)
Cooo| oo EEES W@@ oooo| oo
ooo0| [Bo 32 ooon| |Bo
[t ] ] o | ] ] ¥ - |[oooO| [Bo

1NN ¥BSHE M =225 "OLS ¥3ASNVAL
L )

WWD "OLS H34SHVHL HLIM LNGLND IFN0S INIWYF13T Y

A0UN0S MOTLY2EATHAA

Performance Verification Tests




DC Voltage Performance Tests

Required
Equipment

Preliminary
Steps

DC Voltage
Function
Offset Test

The following equipment or its equivalent is required for these performance
tests.

® Stable DC voltage source (Datron 4000A or equivalent)

* Transfer standard DMM (HP 3458A Opt. 002 within 90 days of CAL)
* Low thermal short (copper wire}

* Low thermal test leads (such as HP 11053A, 11174A, 11058A)

1. Verify that the DC source is properly warmed up.

2. The HP 3458A requires a 4 hour warm-up period. If this has not been done,
turn the instrument ON and allow it to warm up before proceeding.

3. The internal temperature of the HP 3458A under test must be within 5 degrees
C of its temperature when last adjusted. Use the TEMP? command to obtain the
current internal temperature and compare it to the calibration temperature ob-
tained by executing the command CAL? 59. Record the temperatures obtained

on the test card,

4_If the instrument self test has not been run, make certain all inputs are discon-
nected and execute the TEST function, The display must read "SELLF TEST
PASSED",

5. Execute the ACAL DCV command on both the transfer standard DMM and
the UUT using the front panel "Auto Cal" key and scroll keys, This anto calibra-
tion will take approximately two minutes to complete.

6. Configure the transfer standard DMM as follows:
« DCV
s NDIG B8
¢ NPLC 100
* Trig SGL

7. Configure the DMM under test as follows:
*« DCV
» NDIG 8
= NPLC 100
* Trig SGL

The following procedure tests the offset voltage specification with the input
terminals shorted. A low-thermal short must be used to minimize thermally in-
duced errors. Also, you must allow five minutes before making the first
measurement to allow for thermal stabilization of the range relays.

1. Connect a low thermal short across the front panel Hl and LO input terminals
of the DMM under test (see Figure 3-1).

2. Set the range of the HP 3458A under test as specified in Table 4-1.

Performance Verification Tests
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DC Voltage
Function
Gain Test

3. Let the instrument sit for five minutes before taking the first reading to allow
the range relay and short to thermally stabilize. NOTE: The thermal stabiliza-
tion achieved for the 100 mV range is present for the 1V and 10V ranges
gince these ranges use the same relays. The range relavs are opened for the
100V and 1000V ranges and therefore, have no thermal impact on the

measurement.

4. Execute Trig and record the offset reading (abgolute value) for each range list-
ed in Table 4-1 and on the Test Card provided at the end of this chapter.

Tahle 4-1. Offset Performance Tests.

5. If any of the offset readings are greater than the limits specified on the Test
Card, the instrument should be adjusted. Refer to Chapter 3, "Ad jugtment
Procedures”, to make adjustments,

6. Remove the short from the front panel terminals.

The following is a step-by-step procedure for all test points that performance

verif'y gain of the DC voltage function. The procedure requires alternately con-

necting the transfer standard DMM and then the HP 3458A under test to the DC
verification source as described in the general test degcription,

1. Connect the DC voltage source to the transfer standard DMM,

2, Set the range of the transfer standard DMM as specified in Table 4-2.

3. Set the range of the HP 3458A under test as specified in Table 4-2.

4. Set the DC source to the voltage level specified in Table 4-2.

5. Execute Trig SGL and read the output of the DC voltage source as measured
with the transfer standard DMM and record this reading in the "Transfer
Standard Reading" column of the DC voltage Test Card.

6. Remove the connection from the transfer standard DMM to the DC voltage
source.

7, Connect the HP 3458A under test to the DC voltage source.

8. Execute Trig SGL and read the value as menrsured with the HP 3458A under
test and record this value in the "Unit Under Test Reading” column of the DC

Performance Verification Tests
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voltage Test Record.

9, Repeat steps 1 through 8 for each of the remaining DC voltage test points as
specified in Table 4-2.

Table 4-2, DCV Gain Performance Tests.

DC Gain
Test source
Numbe Qutput

100 mv
1
1
-1
=10
10

T =~ O~ &1 B g =2

% NOTE: After completing test B, decrease the 1000V
pDCv standard cutput to OV before disconneeting.

10. After all DC gain tests have been performed, calculate and record in the
column provided, the difference (absolute value) between the transfer stan-
dard DMM reading and the unit under test reading for each of the test
points.

11. If any of the differences calculated are beyond the specified limits. refer to
Chapter 3, "Adjustment Procedures”, to make ad justments,

Analog AC Voltage Performance Tests

ReqUirEd The following list of equipment is required to test the analog AC performance
Equipment  of the HP 34534,

* Stable AC voltage source (Datron 4200 or equivalent).
® Transfer Standard DMM (HP 3458A Opt. 002 within 90 days of Cal)

* Shielded test leads terminated with dual banana plugs (such as
HFP 11000-60001).

Prelimina ry 1, Make certain that the AC source is properly warmed up.
Steps
P 2. The HP 3458A requires a 4 hour warm up period. If this has not been done,
turn the instrument ON and allow it to warm up.

3, Execute the ACAL AC function on both the transfer standard DMM and the
UUT. This auto calibration will take approximately | minute to complete.

Performance Verification Tests
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AC Voltage
Test
Procedure

4, If the instrument Self Test has not been run, make certain all inputs are dis-
connected and execute the TEST function. The display must read "SELF TEST

PASSED".

5. Configure the transfer standard DMM as follows:

* ACV

* SETACV SYNC
* ACBAND 10,2E6
* RANGE 10

* RES .001

* TRIG SGL

6. Configure the DMM under test as follows:

« ACV

* SETACY ANA

& ACBAND 10,2E6
+ RANGE 10

+ RES .01

s TRIG SGL

The following is a step-by-step procedure for all test points in the AC perfor-
mance verification section. The procedure requires alternately connecting the
transfer standard DMM and then the HP 3458A under test to the AC source.
Because of this and becauvse the accuracy of AC coupled measurements does not
suffer due to small thermal induced offsets, the test connection can be made
using shielded test leads terminated with dual banana plugs. Refer to the general
test procedure for test connections.

1. Connect the AC voltage source to the transfer standard DMM,

2. Set the range of the transfer standard DMM as specified in Table 4-3.

3. Set the range of the HP 3458A under test as specified in Table 4-3,

4. Set the AC source to the voltage lavel and frequency specified in Table 4-3.

5. Execute Trig $GL and read the output of the AC source as measured with the
transfer standard DMM and record this reading in the "Transfer Standard
Reading” column of the AC voltage Test Card,

6. Remove the connection from the transfer standard DMM to the AC source.

7. Connect the HP 3458A under test lto t!l"le AC zource,

3. Execute Trig SGL and read the value as measured with the HP 3458 A under
test and record this value in the "Unit Under Test Reading” colurn of the AC
voltage Test Card.

9. Repeat steps 1 through 8 for each of the remaining AC voltage test points as
specified in Table 4-3.

Performance Verification Tests
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DC Current Performance Tests

Required
Equipment

Preliminary
Steps

b1y bt 1 1] Lo VARRIN L 0] 120 B AR e e =g sl LTtV e lanl T

Table 4-3, AC Performance Tests,

saurce Source
Level Frequency

3
<
3
<

=T I - T N« Y AL L )
L T T O
P T - 4

-

*#NDTE: After completing test 10, reduce the ACV
stamdard voltage to OV before dizconnecting.

10, After all AC voltage tests have been performed, caleulate and record in the
column provided, the difference between the transfer standard DMM reading
and the unit under test reading for each of the test points.

11, If any of the differences calculated are greater than the specified limits, refer
to Chapter 3, "Adjustment Procedures”, to make adjustments.

The following equipment or its equivalent is required for these performance
tests.

® Stable DC current source (Datron 4000A or equivalent)

e Transfer standard DMM (HP 3458A Opt. 002 within 90 days of CAL)

* Low thermal test leads (such as HP 11053A, 11174A, or 11058A)

1. Verify that the DC current source is properly warmed up.

2. The HP 3458A requires a 4 hour warm-up period. If this has not been done,
turn the instrument ON and allow it to warm up before proceeding

3. The internal temperature of the HP 3458A under test must be within 5 degrees
C of its temperature when last adjusted. The current internal temperature is ob-
tained by executing TEMP?. Compare this temperature to the calibration tem-
perature obtained by executing the command CAL? 60. Record these tempera-
tures on the Test Card.

4. If the instrument self test has not been run, make certain all inputs are discon-
nected and execute the TEST function. The display must read "SELF TEST
PASSED",

Performance Yerification Tests
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DC Current
Function
Offset Test

DC Current
Function
Gain Test

5. Execute the ACAL OHMS function on both the transfer standard DMM and
the UUT. This auto calibration will take approximately ten minutes to complete,

6. Configure the transfer standard DMM as follows:
» DCI
* NDIG 8
* NPLC 100
* Trig SGL

7. Configure the DMM under test as follows:
= DCI
+ NDIG 8
* NPLC 100
* Trig SGL

The lollowing procedure tests the DC current offset specifications with the in-
put terminals open,

1. Set the HP 3458A under test to the DC Current Function (DCI).

2, Set the range of the HP 3458A under test as specified in Table 4-4.

3. Let the instrument sit for five minutes to allow the range relays to thermally
stabilize.

4, Execute Trlg and record the absolute value of the offset reading of each range
listed in Table 4-4 on the Test Card provided at the end of this section.

Table 4-4. Current Offset Performance Tests.

Offzet
Test
Number

5. If any of the offset readings are bevond the limits specified in the Test
Record, the instrument should be adjusted. Refer to Chapter 3, "Adjustraent
Procedures”, to make adjustments.

The following is a step-by-step procedure for all test points that performance
verify gain of the DC current function, The procedure requires alternately con-
necting the transfer standard DMM and then the HP 3458 A under test to the DC
verification source as described in the section titled "General Test Procedure”

1. Connect the DC current source to the transfer standard DMM I and LO input
terminals using low thermal test leads,

Performance Verification Tests
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2. Set the range of the transfer standard DMM as specified in Table 4-5.

3. Set the range of the HP 3458A under test as specified in Table 4-5,
4. Set the DC source to the current level specified in Table 4-5.

5. Execute Trig SGL and read the output of the DC curreat source as measured
with the transfer standard DMM and record this reading in the "Transfer
Standard Reading” column of the DX voltage Test Card.

6. Remove the connection from the transfer standard DMM to the DC current
sOUrce.

7. Connect the DC current source to the HP 3458A under test I and LO input
terminals.

§. Execute Trig and read the value as measured with the HP 3458 A under test
and record thisvalue in the "Unit Under Test Reading" column of the DC eur-
rent Test Card,

9. Repeat steps | through 8 for each of the remaining DC current test points as
specified in Table 4-5,

Table 4-5, DCI Gain Performance Tests.

DCI Gain| Source
Test and DMM Source
Number Range Qutput

100 uA 100 uA
i 1
10 mA 10 mA
mA mA
1A 1 A

10. After all DC current gain tests have been performed, calculate and record in
the column provided, the difference (absolute value) between the transfer
standard DMM reading and the unit under test reading for each test point,

[1. If any of the differences calculated are beyond the specified limits, refer to
Chapter 3, "Adjustment Procedures”, to make adjustments,

12. Reduce the output of the DC Current Source and disconnect it from the
HP 3458A input terminals,

Performance Verification Tests
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Ohms Performance Tests

Required
Equipment

Preliminary
Steps

2.Wire Qhms

Function
Offset Test

The Following list of equipment is required to test the ohms performance of the
HP 3458A.

# Stable resistance standard (Datron 4000A or equivalent)

* Transfer standard DMM (HP 3458A Opt. 002 within 90 days of CAL)
* | ow thermal short {copper wire)

» Low thermal test leads (such as HP 11053A, 11174A, or 110584A)

1. Verify that the resistance standard is properly warmed up.

2, The HP 3458A requires a 4 hour warm-up period. IT this has not been done,
turn the instrument ON and allow it to warm up before proceeding.

3. The internal temperature of the HP 3458A under test must be within 5 degrees
C of its temperature when last ohms adjusted, The current internal temperature
can be obtained by executing TEMP?. Compare this temperature to ad justment
temperature obtained by executing the command CAL? 60 and record both tem-
peratures on the Test Card.

4. If the instrument self test has not been run, make certain all inputs are discon-
nected and execute the TEST function. The display must read "SELF TEST

PASSED",

5. If you have just performed DCI tests, you have done an ACAL OHMS which
takes approximately ten minutes to complete, Compare the TEMP? temperatures
recorded on the DCI and OHMS Test Cards. If they differ by more than 1°C,
execute ACAL OHMS again. If DCI tests have not been done previously, execute
ACAL OHMS,

6, Configure the transfer standard DMM as follows:
= DHMF
» NDIG 8
« NPLC 100
» Trig SGL

7. Configure the DMM under test as follows:
* OHM
* NDIG 8
* NPLC 100
» Trig SGL
The following procedure performance verifies the front terminal ohms of fset.

. Connect a low thermal short across the front panel Hl and LO input terminals
of the HP 3458A under test as shown in Figure 3-1.

. Set the HP 3458A under test to the 10 Q range. Allow five minutes for the
range telays to thermally stabilize.

3. Execute Trig and use the Test Card to record the offset reading.

4, Remove the short I'rom the front panel input terminals,

Performance Verification Tests
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4-Wire Ohms
Function
Oiffset Test
(Rear
Terminals)

4-Wire Ohms
Function
Gain Test

This procedure performance verifies the rear terminal ohms offset,

i. Connect a low thermal short across the rear terminals of the HP 3458A as
shown for the front terminals in Figure 3-1.

. On the HP 3458A under test, select 4-wire ohms and the 10} range by execut-
ing OHMF, 10.

. Execute Trig and use the Test Card to record the offset reading
4, Remove the short from the rear panel input terminals.
The following is a step-by-step procedure for all test points that performance
verify gain of the ohms function. The procedure requires alternately connecting
the transfer standard DMM and then the HP 3458A under test to the resistance

verification source as described in the section titled "General Test Procedure”,

1. Connect the resistance standard to the transfer standard DMM 4-wire ohms
front input terminals.

2. Set the range of the transfer standard DMM as specified in Table 4-6.

3. Set the range of the HP 3458 A under test as specified in Table 4-6.

4. Set the resistance standard to the ohms level specif’ ied in Table 4-6.

5. Execute Trig and read the output of the resistance standard as measured with
the transfer standard DMM and record this reading in the "Transfer Standard

Reading" column of the Ohms Test Card.

6. Remove the connection from the transfer standard DMM to the resistance
standard,

7. Connect the resistance standard to the front panel 4-wire ohms input terminals
of the HP 3458A under test,

8. Execute Trig two times and read the value ag meagured with the HP 3458A
under test and record this value in the "Unit Under Test Reading” column of
the Ohms Test Card.

9. Repeat steps 1 through 8 for each of the remaining resistance test points as
specified in Table 4-6.

Performance Verification Tests
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Table 4-6. OHMF Gain Perforinance

OHMF Gain Source
Test and DMM Source
Number Range Qutput

10 QQ 10 Q
100 Q 100 Q

T kQ 1 kQ
10 kQ 10 kQ
100 ki kil

1 MO T MQ
10 MQ 10 MG

10. After all OHMF gain tests have been performed, calculate and record in the
column provided, the difference (absolute value) between the transfer stan-
dard DMM reading and the unit under test reading for each of the test
points.

11.1f any of the differences calculated are beyond the specified limits, refer to
Chapter 3, "Adjustment Procedures”, to make ad justments,

12. Disconnect the resistance standard from the HP 3438 A input terminais,

Frequency Counter Performance Tests

ReqUirEd The following equipment is required for testing the frequency counter perfor-
Equipment  mance of the HP 3458A.

® Stable frequency source (HP 3325A Frequency Synthesizer or equivalent)
* Shielded test leads, BNC to dual banana plug (such ag HF 11001-60001)

Pfﬂliminary 1. Verify that the frequency source is properly warmed up.

Steps

2. The HP 3458A requires a 4 hour warm-up period, If this has not been done,
turn the instrument ON and allow it to warm up before proceeding,

3. If the instrument self test has not been run, make certain all inputs are discon-
nected and execute the TEST function. The display must read "SELF TEST
PASSED".

4. Configure the DMM under test as follows:
« FREQ
& Trig SGL

Frequency [. Execute FSOURCE ACDCYV (specifies the type of signal to be used as the in-
Counter put signal for the frequency measurement).

Accuracy Test

2. Set the Frequency Standard to output a 1 volt p-p, 1 Hz sine-wave. Record
the exact Frequency Standard Value on the Test Card. Connect the output of

Performance Verification Tests
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the Frequency Standard to the HI and LO input terminals of the HP 3458A
under test,

. Execute Trig and record the Unit Under Test Reading on the Test Card.

. Subtract the I Hz Unit Under Test Reading from the | Hz Frequency
Standard Value, Record the difference on the Test Card.

. Change the Frequency Standard to 10 MHz record the exact Frequency
Standard Vaiue on the Test Card. Execute Trig, and record the Unit Under
Test Reading on the Test Card.

. Subtract the 10 MHz Unit Under Test Reading from the 10 Mhz Frequency
Standard Yalue. Record the difference on the Test Card.

. If either of the differences are beyond the limits specified, the instrument
should be adjusted. See Chapter 3, "Ad justment Procedures”, to make adjust-

ments,

Performance Verification Tests
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Chapter 5
Command Summary

CAL?

CALNUM?

CALSTR

REV?

SCAL

SECURE

TEMP?

TEST

This section provides an alphabetical summary of commands that are used in
calibrating the HP 3458A (adjustments or performance verification). Detailed
command reference pages for each command are also included in this chapter.

Autocal. Instructs the multimeter to perform one or all of its automatic calibra-
tions,

Calibration. Calibrates the internal 7V reference to an external 10V standard
(CAL 10) followed try an ACAL DCYV. 1t also calibrates the internal 40K
reference to an external 10K standard (CAL 10E3) followed by an ACAL
OHMS. Offset for the front and rear terminals are also calcualted (CAL 0).

Calibration query, Returns one of four values for the calibration constant
specified; the initial (nominal} value, low limit, high limit, or actual value of the
specified constant.

Calibration npumber query. Returns a decimal number indicating the number of
times the multimeter has be adjusted.

Calibration string (remote only), Stores a string in the multimeter’s nonvolatile
calibration RAM. Typical uses for this string include the date or place of ad-
Justment/verification, technician’s name, or the scheduled date for the next ad-

justment,

Revision query, Returns two numbers separated by a comma. The first number
is the multimeter’s outguard firmware revision, The second number is the in-
guard firmware revision,

Service calibration. Adjusts the AC section of the instrument. Calculates the
corrections to accurately measure frequency and calibrates the ac ranges,

Security code. Allows the person responsible for calibration to enter a security
code to prevent accidental or unauthorized adjustment or autocalibration
(ACAL).

Temperature query. Returns the multimeter's internal temperature in degrees
Centigrade.

Self-test. Causes the multimeter to perform a series of internal self-tests, If all
constants are within their lower and upper limits, the self-test passes.

Command Summary
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ACAL

Description

Syntax

type

security _code

Remarks

Command Summary
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Autocal. Instructs the multimeter to perform one or all of itz automatic calibra-
tions.

ACAL [ty pell,security _code]
The type parameter choices are:

Numeric
type Query
Parameter  Equiv. Description

ALL Performs the DCV, AC, and OHM® autocals

pov DC voltage gain and offset (see first Remark)

AC ACV flatness, gain, end offzet (see second Remark)
(HMS OKMS gain and offset (see third Remark)

Power-0nt Iy pe = none.
Default type = ALL.

When autocal is secured, vou must enter the correct security code to perform an
autocal (when shipped from the factory, autocal is secured with the security
code 3458) When autocal is not secured, no security code is required. Refer to
the SECURE command for more information on the security ¢code and how to
secure or unsecure autocal.

» Since the DCYV autocal applies to all measurement functions, you should per-
form it before performing the AC or OHMS autocal. When ACAL ALL is
specified, the DCV autocal is performed prior to the other autocals.

* The AC autocal performs specific enhancements for ACV or ACDCYV (all
measurement methods), ACI or ACDCI, DSAC, DSDC, S5AC, 35DC, FREQ,

and PER measuraments.

# The OHMS autocal performs specific enhancements for 2- or 4-wire ohms,
DCI, and ACI measurements,

* Always disconnect any AC input signals before you perform an autocal. If
you leave an input signal connected to the multimeter, it may adversely affect
the autocal.

* The autocal constants are stored in continuous memory (they remain intact
when power is removed), You do not need to perform autocal simply because

power has been cycled.

¢ The approximate time required to perform each autocal routine is:

ALL: 13 minutes
pCv: 2 minutes
AC: 1 minute
OHMS: 10 minutes

& If power is turned off or the Reset button is pushed during an ACAL, an
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ACAL (cont)

error is generated. You must perform an ACAL ALL to recalculate new
calibration constants,

= Related Commands: CAL, SCAL, SECURE

Example OUTPUT 722;"ACAL ALL,3458" IRUNS ALL AUTOCALS, SECURITY CODE 1S 3458
I (FACTORY SECURITY CODE SETTING)

Command Summary
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CAL

Description

security _code

Remarks

Command Summary
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Calibration. Calibrates the internal 7V reference to an external 10V standard
(CAL 10) and does the equivalent of ACAL DCV, Also calibrates the internal
40K reference to an external 10K standard (CAL 10E3) and does the equivalent
of ACAL OHMS. Alternate CAL standard values can be used as described in the
first remark. It also calculates the offset for the front and rear terminals (CAL

0).
CAL value [,security code]

Specifies the value of the adjustment source that will be used to adjust the mul-
timeter. For highest accuracy, 10V and 10K ohm standards are recommended
and the va/ie sent must be the exact output value of the adjustment source. If
the I0V source actually outputs 100001, then specify a value of 10,0001 in the

CAL command.

When a security code is set to a number other than ¢ by the SECURE command,
you must enter the correct security code to perform a CAL. If CAL is not
secured (security ¢ode = 0), no security code is required to execute CAL. Refer
to the SECURE command for more information on the security code and how
to secure the calibration of the HP 3458A.

# For highest accuracy, the va/ie sent with the CAL command must exactly
equal the actual output value of the adjustment source. It is recommended
that 10V be used for CAL 10 and 10K, ohms be vsed for CAL 10E3. NOTL:
Any standard value between IV and 12V or 1 KQ and 12 KQ can be used. 4
valtie less than 10V or less than 10 KQ will introduce additional wncertainty to
the multimeter’s accuracy specifications. For example, a IV DC standard conr be
wsed instead of 10V (you woildd execute CAL 10000). A4 1 KQ standard can he
wsed instead of 10 KQ (you would execute CAL 1E3). Fach case degrades the
accuracy specifications of the insiriment.

For highest accuracy when performing a CAL 0, a four-point short must be
used, Also, CAL 0 must be performed twice, once for the front terminals and
again for the rear terminals. You must manually switch the terminals to be
calibrated using the front panel switch.

* [t is recommended that the QCOMP command be executed prior to adjusting
with the 10K source and OCOMP be set to ON. This will account for any
thermals and result in a more accurate ad justment.

» Related Commands: ACAL, SCAL, SECURE

OUTPUT 722; "CAL 10.0071" | DCV ADJUSTMENT SOURCE = 10.0011 VOLTS

QUTPUT 722;"0COMP ON"
OUTPUT 722;"CAL 10000.001% (RESISTANCE ADJUSTMENT SOURCE = 10000.007 OHMS
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DESCﬂptIOn Calibration query. Returns a string containing one of four values for the
calibration constant specified; the initial (nominal) value, low limit, high limit, or
actual value of the specified constant. The returned string also contains a
description of the constant. This command is in the full command menu it is
not in the short command menw

Syntax CAL? const_id [,cal_item)

cal_item  Specifies which of the four calibration constant values is to be returned. The
cal _item parameter choices are;

cal _irem Description
initial (nominat}) value
Actual value *
Upper Llimft
5 Lower Llimit
*The defautt for cal_item iz the actual value.

Specifies the jdentifier number for the calibration constant of interest. Each
consi__id and the associated calibration constant description is listed below,

const kf Deseription Conztant derived from
1 40K Reference External gain adjustment
2 7V Reference Exterrnal gain adjustment

dev front 100mv
dev rear 100mv
dev frapt 1V
dev rear 1v

dev front 10V
dcv rear 10V
dev framt 100V
dev rear 100V
dev front 1 KV
dov rear 1 Kv

ahm front 10 = External zero adjustment
ahm fromt 100
ohm front 1K
ahm front 10K
ohm frant 100K
ohm front 1M
ohm front 10M
ohm frant 100M
ohm front 16

ahm
ahm
ohm
ahm
ohin
ahm

Command Summary
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CAL? (cont)

ohm zero rear 10M
ohm zero rear T00M
ohm zero rear 1G

oehmf zero front 10Q
oehmf zers front 100
ohmf zerso fraonmt 1K
ohmf zerc front 10K
chmf zero front 100K
chmf zero front 1M
chmf zero front 1TOM
ohmf zero front 100M
chmf zero front 16

ohmf zerao rear 10 [ External zero adjustment
ohif zero rear 100
ohmf zerg rear 1K
ahmf zero rear 10K
ehmf zero rear 100K
ahmf zere rear 1M
ohmf zero rear 10M
ohmf zero rear 100M
ohmf zero rear 16

offset ohm 10
offset ohm 100
offset ohm 1K
offset ohm 10K
affoet ahm 100K
offset ohm 1M
offget ohm 10M
offset ohm 100M
offset ohm 1G

cal 0 temperature
cal 10 temperature — External CAL temperatures
cal 10K temperature

dac (Dac count to Zero boot-strap amp QF, U12) - External
zero adj
100 nA
1 uh
10 uA
100 uA — ACAL OHMS
1 mA
10 mA
100 mA
1A

100 mv
v

10v — ACAL DCV
100y
1 KV

Command Summary
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CAL? (cont)

gain 10
gain 100
gain 1K
gain 10K
gain 100K T~ ACAL DHMS
gainm 1M
ohm gain 10M
ochm gain 100M
chm gain 1G

chm ocomp gain
ohm acomp gain
ohm ocomp gain
chm ocomp gain
ohm ocomp gain — ACAL OHMS
chm ocomp gain
ohm ocomp gain
ohm ocomp gain
chm ccomp gain

dei gain 100 nA
dci gain 1 uA
dei gain 10 uA
dai gain 100 vuA — ACAL OHMS
dei gain 1 mA
doci gain 10 mA
dei gainn 100 mA
def gain 1 A

precharge dac
mc dac {Pac settings to minimize charge coupling
from fnput fets)

high speed gain

— ACAL DHMS

il (OFF leakage of ohmmeter current gource)

il2 (Input leakage correction used on 1MQ
and higher)

rin (Value of 10 M) attenuator RP7)

low aperture

high aperture

high aperture slope .01 FLC
high aperture slepe .1 PLC
high aperture null .07 PLC |— ACAL bev
high aperture null .1 PLC

underload daey 100 mv
underload dev 1V
underload dcv 10V
underload dev 100V
under load dev 1000V

Command Summary
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CAL? (cont)

Command Summary
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overload dav
overload dev
averlead dev
averload dev
overload dov

underload
underload
under L oad
upderload
underoad
under load
underioad
underload
upderload

overload
overload
overload
overload
overload
overload
overload
overioad
overlaad

undertoad
underload
ungerload
underload
under | oad
under Load
underload
underioad
underioad

overload
averlaad
overlaad
overload
overload
overload
averload
overload
overloead

under load
underload
under Load
underload
under|oad
underload
underload

ohim
ahm
ahm
ohm
chm
ohm
ahkm
ohm
ohm

16

10
100
1K
10K
100K
M
10M
T00M
16

acomp
seotp
ocomp
ocomp
beomp
acomp
ocomp
oeomp
ocomp

acomp
Geomnp
ecomp
acomp
ocomp
ocomp
ecomp
ocomp
oGomp

16

10
100
1K
10K
100K
™
108
100M
16

100 nA

1T uA

i 10 uA
100 uA
i 1 mA

10 mA

100 mA

— ACAL DCV

= ACAL OHME
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CAL? (cont)

underioad dci 1A

overload dei 100 mA
overload dci 1 WA
averlioad dei 10 uA
overload dei 100 wA — ACAL OHMS
overload dei 1 mA
overload dci 10 mA
overload dei 100 mA
overload dei 1A

acal dev temperature

acal ohm temperature = Last ACAL temperatures
acal acv temperature

offset dac 10 my
offset dac 100 mv
of feet dac 1V
offzet dac 10V
affset dac 100V
offset dac 1KV

acde offset dac 10 mv
acde offset dac 100 mv
acdc offset dac 1V
acde offset dae 10V
acde offset dac 100V
acde offset dac 1KV

acdei offset dac 100 uwA
acdci offset dac 1 mA
acdeci offset dac 10 mA — ACAL AC
acdel of fset dac 100 mA
acdei affset dac 14

flatnmess dac 10 mv
flatness dac 100 mv
flatress dac 1V
flatness dac 10V
flathess das 100V
flatness dac 1 KV

level dae de 1.2v
level dac dc 12V

level dac ac 1,2V
level dac ac 12v

dcv trioger offset
dev trigger offzet
dev trigger offset
deov trigger cffset
dev trigger offset

Command Summary
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CAL? (cont)

Command Summary
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acdev syne offset 10 mv
acdcy syne offset 100 mV
acdev sync offset 1v
pocdev syne offzet 10V
acdcy syne offset 100V
acdev sync offset 1 KV

agv syne offset 10 mv
acy syne offset 100 my
acv syne offset 1V

acv sync offaet 10V
acv syne offset 100V
acv syne offset 1 Kv

acy sync gain 10 mV
acyv sync gain 100 mv
acy syne gain 1V

acv sync gain 10V
acy syne gain 100V
acv syng gain 1 KV = ACAL AC

ab ratio
gain ratio

ana gain 10 mYy
ana gain 100 my
ana gain 1V

ana gain 10V
ana gain 100V
ana gain 1 KV

acv ana offset 10 mv
acv ang offset 100 mVY
acv ana affset 1V

acv ana offset 10V
acv ana offzet 100V
acy ana offset 1 KV

rmzdc ratio
sampde ratio

aci gain

freq pain
attenuater high frequency dec

amplifier high frequency dac 10 mv
amplifier high frequency dac 100 mv
amplifier high freguency dac 1V
amplifier high frequency dac 10V
emplifier high frequency dac 100V
amplifier high freguency dac 1 KV

interpolator




CAL? (cont)

Remarks -« Related Commands: ACAL, CAL. SCAL

EXﬂmp|e The following two program examples query the calibration constants. The first
program returns an individual response while the second program lists all 253

calibration constants. The parameter "T" in each program specifies the cal __item
which ¢alls for the initial value, lower limit, upper limit, or actual value.

Return an individual calibration constant (#2).

10 PRINTER 15 701

20 DIM AR[100]

30 T1-3 Ispecifies the cal_item

AQ  PRINT "Cal item =v T

50 OUTPUT 722;"QFORMAT ALPHA"™ !Enables alpha/numeric query responge
60 OQUTPUT 722;"CALT 2"; T l0uverieg congtant #2

70 ENTER 722;A%

&0 PRINT A%

20 END

Return the entire set of calibration constants.

10 PRINTER 15 707
20 DIM AS[100]
30 T=3 ISpecifies the cal_item
40 FOR N=1 TO 253
50 PRINT "Cal item =",7
&0  PRINT “CONST =" N
70 OUTPUT 722;"QFORMAT ALPHA"
80 QUTPUT TZZ2;"CALTY;N,T
20 EMTER 722;A%
PRINT A%
NEXT H
END

Command Summary
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CALNUM?

Description

Syntax
Remarks

Example

Command Summary
5-12

Calibration Number Query. Returns a decimal number indicating the number of
times the multimeter has been ad justed.

CALNUM?

¢ The calibration number is incremented by | whenever the multimeter is un-
secured and adjusted. If autocal is secured, the calibration number is alsc in-
cremented by | whenever an autocal is performed; if’ unsecured, autocal does
not affect the calibration number.

# The calibration number is stored in cal-protected memory and is not lost when
power is removed,

* The multimeter was ad justed before it left the factory which increments the
CALNUM. When vou receive the multimeter, read the calibration number to
determine its initial value,

e Related Commands: CAL, CALSTR, SCAL

10 QUTPUT 722;"CALNUMTY IREADS CALIBRATION NUMBER

20 ENTER 72Z;A VENTERS RESPONSE INTQ COMPUTER
30 PRINT A FPRINTS RESPONSE

40 END
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CALSTR

Description

Syntax

string

security code

Examples
CALSTR
CALSTR?

Calibration String (remote only). Stores a string in the multimeter’s nonvolatile
calibration RAM. Typical uses for this string inclade the date or place of
calthration, technician’s name, last CALNUM value, or the scheduled date for the
next calibration.

CALSTR string|,security code]

This is the alpha/numeric message that will be appended to the calibration RAM,
The string parameter muost be enclosed in single or double quotes. The maximum
string length is 75 characters (the quotes enclosing the string are not counted as
characters),

When the calibration RAM is secured (SECURE command) you must include the
security  code in order to write a message to the calibration RAM. (You can al-
ways read the string using the CALSTR? command regardless of the security
mode). Refer to the SECURE command for information on securing and un-
securing the calibration RAM.

* Query Command, The CALSTR? query command returns the character string
from the multimeter’s calibration RAM. This is shown in the second example
below,

* Related Commands: CAL, CALNUM?, SCAL, SECURE

QUTPUT 722; "CALSTR 'CALIBRATED 04/02/1987; temp{C)=43.1'v

10 DIM AS(80) 'DTMENSTON STRING VARIABLE
20 QUTPUT 7¥22; “CALSTRI TREAD THE STRING

30 ENTER 722;A% IENTER STRING

40 PRINT A% IPRINT STRING

50 END

Command Summary
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REV?

Description

Syntax
Example

Command Summary
5-14

Revision Query. Returns two numbers separated by a comma. The first number
is the multimeter’s outguard firmware revision. The second number is the in-

guard firmware revigion.
REV?

10 QUTPUT 722; “REV?® IREAD FIRMWARE REVISION NUMBERS
20 ENTER 722; A,B TENTER NUMBERS

30 PRINT A,B IPRINT NUMBERS

40 END
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SCAL

Description

security _code

Service Calibration. Adjusts the AC sections of the instrument. Calculates the
corrections to accurately meagure frequency and ad justs the ac ranges. The
SCAL command is located in the full command menu,

NOTE; The SCAL command is used in the AC adjustment procedure of Chapter
3 and the procedure must be performed in the order specified.

SCAL value [,security code]

Specifies the value of the adjustment sowvrce that will be used to do the service
adjustment of the multimeter. Valid choices for value are 1ES5, 10, 1, and 0.1,
1E5 performs a frequency calibration while 10, 1, and 0.1 do ac range ad just-
meit.

When a security code is set to a number other than 0 by the SECURE command,
you must enter the correct security code to perform an SCAL. Iff SCAL is not
secured (security code = 0), ne security code ig required to execute SCAL. Refer
to the SECURE command for more information on the security code and how
to secure the adjustment of the HP 3458A.

# The SCAL command is in the full menuw it is not in the short menu.

* With a 100 KHz input, 3CAL 1ES5 calculates the ¢onstants allowing the multi-
meter to indicate 100 KHz.

* SCAL 10, SCAL 1, and SCAL 0.I do ac range calibration calculating high

frequency dac and interpolator constants,

* For fastest calibration with SCAL, the multimeter can be left in the DCV
function.

» Related Commands: ACAL, CAL, SECURE

OUTPUT 722;"SCAL 1ES" lAdjusts for frequency
QUTPUT 722;"WSCAL 100 lAdjusts range
OUTPUT 722;"sCAL 1"

OQUTPUT 722;M5CAL 0.1¢

Command Summary
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SECURE

Description

Syntax
old_code

new_code

acal _secure

Examples

Changing
the Code

Disabling
Security

Command Summary
5-16

Security Code. Allows the person responsible for adjustment to enter a security
code to prevent accidental or unauthorized adjustment or autocalibration (auto-

cal),

SECURE old__code, new_code [,acal _secure]

This is the multimeter’s previous security code, Tlhe multimeter i shipped from
the factory with its security code set to 3458,

This is the new security code. The code is an integer from -2.1E-9 to 2.1E9. If
the number specified is not an integer, the multimeter rounds it to an integer
value.

Allows you to secure autocalibration. The choices are;
Numerio

Query
Equiv.

acal_secure

Parameter Description

OFF 0 bizables autocal security; no code required for autocal
ON Erables autocal security; the security code is required
to perform autocal (see ACAL for example).

Power-on acal _secure = Previously specified value (OFF is the factory setting).
Default acal _secure = QFF.

® Specifying 0 for the new__code disables the security feature making it no long-
er necessary to enter the security code to perform an adjustment or autocal.

* The front panel's Last Entry key will not display the codes used in a previous-
lv executed SECURE command.

# [n the event that the secure code is lost or unknown by the user, 2 procedure is
presented in Chapter 1 (section titled "Changing the Security Code") that allows
for unsecuring the instrument after removal of the top cover.

» Related Commands: ACAL, CAL, CALNUM?, CALSTR, SCAL

QUTPUT 722;"SECURE 3458,444B,0N" ICHANGE FACTORY SECURITY CODE TO 4448,
TENABLE AUTOCAL SECURITY

OUTPUT 722:YSECURE 3458,0% IDISABLES SECURITY FOR ADJUSTMENT AND AUTOCAL
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TEMP?

Description

Syntax
Remarks

Example

Temperature Query. Returns the multimeter’s internal temperature in degrees
Centigrade.

TEMP?

# Monitoring the multimeter’s temperature is helpful to determine when to per-
form autocalibration.

= Related Commands: ACAL, CAL, CALSTR
10 OUTPUT 722; “TEMP?" IREAD TEMPERATURE
20 ENTER 722; A TENTER RESULT

30 PRINT A IPRINT RESULT
40 END

Command Summary




TEST

Description
Syntax
Remarks

Example

Command Summary
5-18

Causes the multimeter to perform a series of internal self-tests.

TEST

» Always disconnect any input signals before you run self-test. If you leave an
input signal connected to the multimeter, it may cause a self -test failure.

# If a hardware error is detected, the multimeter sets bit 0 in the error register
and a more descriptive bit in the auxiliary error register, The digplay’s ERR
annunciator illuminates whenever an error register bit is set. You can access
the error registers using ERRSTR? (both registers), ERR? (error register only),
or AUXERR? (auxiliary error register only).

» NOTE: The internal self-test checks all calibration constants and verifies they
are within the lower and upper limits,

* Related Commands: AUXERR?, ERR?, ERR5TR?

DUTPUT 722;"TEST" [RUNE SELF-TEST
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The HP 34584 accuracy is specified as a part per million
{ppm) of the reading plus & ppm of range for dgV, Ohms,
and dol. In acV and ac!, the specification is percent of
reading plus percent of range. Range means the name of
the gcala, a.0. 1V, 10 V, etc.; range does not mean the full
seale reading, e.g. 1.2V, 12 V, etc. These accuracies are
valic for a specific time from the last calibration,

Absolute versus Relative Accuracy

AIFHP 3458A accuracy specifications are relative to the
calibration standards. Absolute accuracy of the HP 34584
is determined by adding these relative accuracies to the
traceability of your calibration standard. For deV, 2 ppm is
the traceability rror from the HP factory, That means that
the absolute error relative to the U.5, Nationai Bureau of
Standards (NBS) is 2 ppm in addition to the deV accuracy
specifications. When you recalibrate the HP 34584, your
actual fraceability error will depend upon the grrors from
your calibration standards, These errors will likely be
different fram the HP errar af 2 ppm.

Example 1: Relative Accuracy; 24 Hour

Operating temperature is Teal +1°C

Assume that the ambient temperature for the
measuremant is within £1°C of the temperature of
calibration (Teal). The 24 hour accuracy specification for a
10 V dc measurament on the 10 V range is 0.5 ppm +
0.05 ppm. That aceuracy specification means;

0.5 ppm of Reading + 0.05 ppm of Range

for relative accuracy, the error associated with the
measurement is;
(0.5/ 1,000,000 x 10V) + {0.05 /1,000,000 x 10V) =
+ 5.5 uV ot 0.55 ppm of 10V

Example 2: Operating temperature is 28°C;
With ACAL
This example shows basic accuracy of the HP 3458A
using auto-calibration with an operating temperature
of 28°C,
{4.1 ppm x 10V) + (0.2 ppm ¢ 10V) = 43V
Total relative error = 43 pV

Example 3: Operating temperature is 36°C;
Without ACAL
The operating temperature of the HP 34584 is 38°C,
14°C beyond the range of Teal 24°C. Additional
measurement arrors result because of the added
temperature coefficient without using ACAL.
(4.1 ppm x 10V) + {0.2 ppm x 10V) = 43 4V
Temperature Coefficient (specification is per °C):
(0.5 ppm x 10V + 0.01 ppm x 10V) x 14°C = 71 v

Total error = 114 pV
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Appendix A
Specifications

Errors from temperature changes
The optimum technical specifications of the HP 34584 are
based on auto-calibration (ACAL) of the instrument within
the previous 24 hours and fellowing ambient temperatute
changes of less than +1°C. The HF 3458A's ACAL
capability corrects for measurement errars resulting fram
the drift of eritical cornponents from time and temperature.
The following examples ilustrate the error carrection of
auto-calibration by campuling the relative measuremant
arror of the HP 3458A for various temperatura conditions.
Constant canditions for each example are:

10V DC input

10V DC range

Teal = 23°C

90 day accuracy specifications

Example 4: Operating temperature is 3§°C;
With ACAL
Azsuming the same conditions as Exarmple 3, but using
ACAL significantly reduces the error dus to temparature
difference fram calibration temperature. Operating temp-
efature is 10°C beyond the standard range of Tea! £5°C.
(4.1 ppm x 10V} + (0.2 ppm x 10V) = 43 pV
Temperature Coefficient (specification is per °C):
{0.15 ppm x 10V + 0.01 ppm x 10V} x 10°C = 16V

Total errar = 59V

Example 5: Absolute Accuracy; 90 Day
Assuming the same conditions as Example 4, but now
addd the traceability error to establish absolute accuracy,
{41 ppim x 10V} + (0.2 ppm x 10V) = 43V
Temperature Coefficient (specification is per °C);
(0.15 ppm x 10V + 0.01 ppm x 10¥) x 10°C = 16V
HP factory traceability error of 2 ppm:
{2ppmx 10V) = 20 pV

Total absolute error = 79 uV

Specifications

A-1




1/DC Voltage

DC Voitage

Additional error from Teal +1°C
Temperature Coefficient without ACAL.

" Maximum Input {ppm of Reading + ppm of Range} / °C
Range ull Scale  Resolution  Impedance i " 7

Without ACAL With ACAL 3 Specifications ara for PRESET;
100mY  120.00000 10nV >10GQ 12+1 015 +1 NPLE 100.

1 1.20000000  10nV >10GQ 12401 0.15+0.1 For ixed range and Teai +1°C.
Vafid over full range. For 24 hour
10V 12.0000000 100 nV >10GQ 0.5 +0.01 0.15+ 0.1 accuracy without fixed range, add

0.05 ppm of Aange to 16 V, 0.5 ppm
100 v 120.00(3900 Tuv 10 MQ +1% 2+04 015+ 0.1 of Range lo 1 ¥, and 5 ppm of

1000V 105000000 10pV 10 MQ+1% 2+ 0.4 0.15 + 0.01 Range 100.1 ¥ specificalions.
Specifications for 90 day, 1 vear, and
2 year are within 24 hours andt ° €
Accuracy? (ppm of Reading + ppm of Range) of last ACAL; Teal 1 5°C.

For High stability {Option 602}
Range 24 Hour ¢ 90 Day 5 2 Year 5 subtract 1,5 ppm of Reading from 90

day, and 4 ppm of Reading from 1 or
100 my 25+5 50+10 14+ 20 2 year accuracy.

Add 2 ppm of readling additional error
! V - . 15+ 05 481 14+2 for HP faclory traceability of 10 V ac
v 0.5+0.05 41402 14 +0.5 te US NBS. Traceability error is the
e o absoiule error relative lo Natlonal
100V 25403 8.0+03 14+0.5 Standards associated with the
100'0""' 5 '"2_5 0.1 ’ 6.0+ 0.1 14405 source of last axternal calibration.
Add 10 ppm X {Vin / 1006) 2
additional error for inpuls > 100 V.

Additional etror from Teat + 5°C.

Transfer Accuracy

10 Min, Tref + 0.5°C Conditions

Range {ppm of Reading + ppm of Range) )
+ Following 4 hour warm-up. Full scale to 10% of full scale.

100 my (05405 + Measurements on the 1000 V range are within 5% of the initial
1V 0.3+01 measurement value and following measurement settling,

1oV  0.05+0.05 + Tref is the starting ambient temperature.

Ian * Measurements are made on a fixed range using accepted
100V 05401 metrology practices.

1000 Y 1.5 + 0.05

Settling Characteristics .
For first reading or range change error, add 0.0001% of input voltage step additional error.
Reading settling limes are affected by source impedance and cable dielectric absorption characieristics.

Additional Errors Noise Rejection (dB) 7
7 Applies for 1 kQ unbalance in the

AC NMR 8 AC ECMR DC ECMR LO lead and + 0.1% of the fine

i y :
NPLC <1 0 a0 140 Lrgqﬁ(éeglcy currently set for

NPLC 21 80 150 140 For line frequency 1%, ACNMR
is40dB for NFLC 2 1, or 80 dB
NPLC=10 60 150 140 for NPLC 2 100. For fing fre-

quency t 5% ACNMR is 65 dB
NPLC 2100 70 140 for NBLC 2100,

NPLC = 1000 140

=3

Multiplier

ppm of Range (log scale)

001 o R T

integration Time in Number Power Line Cycles
(NPLC, log scale)

Specifications
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Reading Rate (Auto-zero 0ff) Selected Reading Rates’

. 1 For PRESET; DELAY 0; DISP
. . ) __Readings/Sec OFF: OFORMAT DINT.
NPLC  Aperiure Digits Bits A-Zero Off :A-Zero On 2 Apertute s selected independent

0.0001 1.4ps 45 16 100,0008 4,900 of fine frequency (LFREQ).
These apertures are for 60 Hz

10600 3= 0.0006 10ps 55 18 50,000 3,500 NPLC vallues where
1 NPLC = 1/LFREQ. For50 Hz
0.01 167 ps 65 et 5,300 960 and NPLC indicafed, aperture

wil increasa by 1.2 and reading
0.1 1,67 ms 6.5 2 592 245 tates will decrease by 0.833,

R 1 16.6ms 75 25 60 294 3 For OFORMAT SINT
10 0.166 s 8.5 28 6 3
100 8.5 28 36/min - 18/ min

1 . .
. ] ' 1000 85 28 36/min  1.8/min
Aperture D5p5 1ps Hps W0s  Ims  10ms  100ms s

NPLC 00001 oS 001 01 1 10 100 Maxi Inout
No.of Digits | 4% | 5% | 5% | 7n | 0% aximum npu

Integration Time (log scale) Rated Input Non-Destructive
Hlto LO 11000 V pk 1200 V pk
Temperature Coefficient (auto-zero on) LC to Guard £200V pk +350 V pk

For a stable environment £ 1°C add the Guard to Earth 500V pk £ 1000 V pk
tollowing additional error for AZERO OFF

Range Error
100mv-10V 5uvrC
100V -1000V 500 VoG

rs
100,000

1,000 e+

=3

Readings /Sec (fog scale)

Input Terminals

Terminal Material: Gold-plated Tellurium Copper
Input Leakage Current: < 20 pA at 25°C

2/Resistance

Two-wire and Four-wire Ohms (OHM and OHMF Functions)

Maximum Current 4 Test Gpen Maximum Maximum {ppm ofT;r:Zzlr::'u:epg?"ef;:c::r:]tge) Ty
Range Full Scale Resolution Source Voltage Circuit Lead R (OHMF}) Series Offset
{OCOMP ON) Without ACALS With ACALS
100 12.00000 10 pf2 10 mA 01V 12V 200 ey 3+1 141
100 Q 120.00000 10 pf2 1 mA 1V 12V 200Q cov 3+1 141
1k 1.2000000 100 uQ 1 mA 1oV 12V 150 Q 01V 3+041 1+0.1
10k 12.000000 1 mQ 100 pA 10V 12V 1.5k 01V 3+041 1+0.1
100 kQ2 120.00000 10mQ 50 pA 50V 12y 1.5kQ 05V 3+01 1+01
1MQ 1,2000000 100 m&: 5pA 50V 12V 15kQ 3+1 141
10 MO 12.000000 10 500 nA 50V 12V 1.5kQ 20 +20 5+2
100MQ 7 120.00000 100 500 nA 50V 5V 1.5kQ 100 + 20 2542
1607 12000000 1000 500nA 50V 5V 15k 1000 + 20 250+ 2

_ 4 Current souree is + 3% absolute
aceuracy.

Additional error from Teal £1° C
withaut AGAL.

Additional error from Teal £ 5°C.

Measuremant is computed from
10 MQ paraliel with input.

Specifications
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2

Accuracyf (ppm of Reading + ppm of Range)
Specifications are for PRESET;
Aange 24 Hour 2 90 Day 3 1 Year3 2 Year 3 NPLC 100; OCOMP ON.

0Q 5+3 15+5 1545 20 +10 Teal £7°C.

Specifications for 9 day, 1 year,

1000 3+3 10+5 1245 20+10 and 2 year are within 24 hours

kQ 2402 ] . and £1°C of last ACAL;

1 + 8§+05 10+05 15+1 Tl 1550

10 kQ 2102 B+05 10+0.5 15+1 Add 3 ppm of reading additional
error for HP factory fraceability of

100 kQ 2+02 8+05 10+905 1541 1040 10 US NBS. Traceatiy s

1MQ i0+1 12+2 15+2 20+4 the absoiute error refative to

National Standards associated

10MQ 50+5 50+ 10 50+ 10 75+10 with the source of iast external

100 MQ 500 + 10 500 + 10 500 + 10 0.1%+ 10 caliralion.

1GQ 0.5% + 10 0.5% + 10 5%+ 10 1% + 10

Two-Wire Ohms Accuracy
For Two-Wire Ohms { OHM ) accuracy, add the following offset errors to the Four-Wire Ohms { OHMF } accuracy.
24 Hour: 50 mQ. 90 Day: 150 m<. 1 Year: 250 mQ. 2 Year: 500 mQ

Additional Errors Selected Reading Rates ¢

" s FOR PRESET: DELAY 0, DISP
Readings / Sec OFF; OFORMAT DINT.
NPLCS  Aperture & Digits Auto-Zero Off  Auto-Zero On For OHMF or OCOMP ON. the

0.0001 1.4ps 45 100,000 7 4900 maximun reading rates will be
: : . . ; slower.

0.0006 10 ps 5.5 50,000 3,500 Ohms measuremerits at ratgs
< NPLC 1 are subject to polential
0.01 167 s 6.5 5,300 960 noige pickup. Care must be taken

0.1 1.66 ms 6.5 592 245 to provide adequate shielding and
guarding o maintain measurement

1 16.6 ms 7.5 60 204 acouracies.

10 0.166s 75 6 3 Aperture s sefected independent
of line frequency (LFREQ).
100 75 36/ min 18/ min These apertures are for 60 Hz

NPLC vaiuves where 1 NPLG =
AN 1/LFREQ. For 50 Hz and NPLC

Measurement Consideration indicated, aperture will increase by
1.2 and reading raes will decrease

HP recommends the use of Teflon* cable or other high by 0.833,
impedance, low dielectric absorption cable for these For OFORMAT SINT
measurements.

ey
g
g
g
k:
k-]
13
&

L T T =TT

0.1 0 1 I " 000

Integration Time in Number Power Line Cycles  Maximum Input
{NPLC, log scale)

Tefion is a registered trademark of
E.1 duPont de Nemours and Co.

" Rated Input MNon-Destructive

Range  Hlipier Hito LO £1000 V pk 1000 V pk

lasice  x0 HI&LOSensetoLO  +200V pk +350 V pk
1KR to 10GKD
Mr . x5 LO to Guard £ 200V pk +350 V pk

Tomn o ox2 Guard to Earth 500V pk +1000 V pk
100 M)

162

Temperature Coefficients (Auto-Zero Off)
Settling Characteristics For a stable environmeni + 1°C add the following
For first reading error following range change, add rfor for AZERO OFF. {ppm of Range) /°C
the total 90 day measurement error for the current Range  Emer Range Etror

range. Preprogrammed settling delay times are for 00 50 MO ]
< 200 pF external circuit capacitance.

100Q 50 10 MQ 1
1k 5 100 MQ

10 k2 1GQ
100ke 1

Specifications
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3/DC Current

DC Current (pc! Function)

Additianal error from Tcal +1°C
Temperature Coefficient without ACAL.

{ppm of Reading + ppm of Range / °C) Additional error from Teal £ 5°C.

i 1 ! 2
Without ACAL With ACAL Spacifications are for PRESET,
_10_0 nA 120.000 1pA 545.2 kQ 0.055V 10 + 200 2+50 NPLC 160.

1 pA 1.200000 1 pA 45.2k0 0.045 V 2+20 2+5 Teal 11°C.

1054 12.000000 1 pA 520 0,055 V 1044 241 et o witin 24 hous an 10

100pA  120.00000 10 pA 730 0.075V 10+3 241 4l last ACAL; Toal £6°C.

TmA 1.2000000 100 pA 1002 0.100 V 1042 2+1 ﬁfﬁ"?‘éé&%ﬁ?ﬁi’ﬁiﬁ"ﬁ”ﬂé’ ™

NBS. Traceability errcr is the sum of
10 mA 12.000000 1 nA 100 0.100 v 10+2 2+1 the 10V and 10 46) traceabilly
100 mA 120.00000 10 nA 1Q 0.250 v 25+2 2+1 values.

1A 1.0500000 100 nA c1Q A5V 2543 242 Typical accuracy.

Maximum Shunt Burden
Range Full Scale Resolution Resistance Voltage

Accuracy ? (ppm Reading + ppm Range)

Range 24 Hour 4 90 Day 5 1 Year 2 Yeat 5
100 nA® 10+400 30+ 400 30 + 400 35 + 400
1 A 10 + 40 - 15+ 40 20 + 40 25 + 40
10}1Aﬁ 10+5 15410 20+10 25+ 10
100 uA 104+5 15+ 8 20+8 25+8
t mA 10+3 15+ 5 20+5 25+5
10 mA 1043 15+§ 20+5 25+5
100 mA 2543 3045 B+5 40 +5
1A 100 + 10 100 + 10 110+ 10 15+ 10

Settling Characteristics Measurement Considerations
For first reading or range change error, add .001% of HP recommends the use of Teflon cable or other high
input current step additional error. Reading settling impedance, low dielectric absorption cable for low
times can be effected by source impedance and current measurements. Current measurements at rates
cable dielectric absorption characteristics. < NPLG 1 are subject to potential noise pickup.
Care must be taken to provide adequate shielding
Additional Errors and guarding to maintain measurement accuracies.

Selected Reading Rates’

For PRESET; DELAY 0; DISP OFF,
NPLC Aperture & Digits Readings / Sec OFORMAT DINT.

0.0001 14 s 45 4,900 Aperture is salacted independen! of

\ - fine frequency (LFREQ). These
P - 0.0006 10 s 55 3,500 aperiures are for 60 Hz NPLC values
p R )

whera 1 NPLC = 1 /LFREQ. For
0.01 167 us 65 960 50 Hz and NPLC indicated, aperture

will increase by 1.2 and reading rates
01 167 ms 65 245 will decreasa by 0.833,

] 16.6 ms 75 294
10 0.166 ¢ 7.5 3
100 75 18 / min

ppm of Range (log scale)

Maximum Input

Rated Input Non-Destructive
. oL0 +15Apk <1.25Ams
integration Time in Number Power Line Cycles 10 1o Guard £200 V pk +350 V pk
(NPLE, log scale) Guard to Earth £500V pk £1000 V ok

*

Rengs Mulllpller
10K nA x 100

124 X1

0t 1A x1 Specilications
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4/AC Voltage

General Information

The HP3458A supports three techniques for measuring true rms AC voltage, each offering unique capabilities. The desired
measurement technique is selected through the SETACY command. The ACV functions will then apply the chosen methed
for subsequent measurements.

The tollowing section provides a brief description of the three operation modes along with a summary table helpful in
choosing the technique best suited to your specific measurement need.

SETACV SYNC Synchronously Sub-sampled Computed true rms technigue.
This technique provides excellent jinearity and the most accurate measurement results. It does
require that the input signal be repetitive ( not randem noise for example ). The bandwidth in this
mode is from 1 Hz to 10 MHz.
SETACV ANA  Analog Computing true rms conversion technique.
This is the measurement type at power-up or following an instrument reset. This mode works well
with any signal within it's 10 Hz to 2 MHz bandwidth and provides the fastest measurement speeds.
SETACV RNDM Random Sampled Computed true rms technique.

This technique again provides excellent linearity, however the overall accuracy is the lowest of the
three modes. It does not require a repetitive input signal and is therefore well suited to wideband
noise measurements. The bandwidth in this mode is from 20 Hz to 10 MHz.

Selection Table

Best Repetitive Readings / Sec.
Technique Frequency Range Accuracy Signal Required Minimum  Maximum

Synchronous Sub-sampled 1Hz - 10 MHz 0.010% Yes 0.025 10

Analog 10Hz- 2MHz 0.03% No 0.8 50

Random Sampled 20 Hz - 10 MHz 0.1% No 0.025 45

Synchronously Sub-sampled Mode (cv Function, seracy syne)
1 Additionai error bayond £1°C,

. X Temperature Coetficient’ but within £ 5°C of last ACAL.
Range Full Scale Maximum Resolution Input Impedance % of Reading + % of Range}/ °C For ACBAND »2 MHz, use

- 16 mV range lemperature
fomv 12.00000 10nV 1 MQ + 15% with < 140 pF 0.002 + 0.02 coefficient for alf ranges.

100 mV 120.0000 100 nV 1MQ +15% with<140pF - 0.001 +0.0001 Specifications apply full scale to
10% of full scale, DC < 10% of AC,

1V 1.200000 1uyY 1 MQ +15% with < 140 pF 0.001 +0.0001 sine wave input, crest factor = 1.4,

10V 12.00000 101V 1 MQ £ 2% with < 140 pF 0,001 +0.0001 A a4 houts

100V 120.0000 100 pv 1 MQ & 2% with < 140 pF 0.001 +0.0001 Peak (AC + DC) input fimited to

1000V 1050.000 1 my 1MQ £ 2% with < 140 pF 0.001 +0.0001 o scal or al arges i

Add 2 ppm of reading additional
error for RP factory traceability
AC Accuracy 2 of 10V DC to US NBS.

24 Hour to 2 Year (% of Reading + % of Range)

ACBAND <2 MHz

1Hzto 40 Hz to 1kHzto 20kHz to 50 kHz to 100 kHz to 300 kHz to 1MHz o
Range 40 Hz 1kHz 20 kHz 50 kHz 100 kHz 300 kHz 1MHz 2 MHz

10 m¥ 0.03+0.03 0.02+ 00N 0.03+0.011 0.1+0.01 0.5+ 0.011 4.0 +0.02
100mV-10v  0007+0004  0.007+0.002 0.014+0.002  0.03+0.002 0.08 + 0.002 0.3+0.01 1+0.01 1.5+0.01
100V 0.02 + 0.004 0.02 + 0.002 0.02+0002  0.035+0.002 0.12 + 0.002 0.4 +0.01 15+0.01

1000V 0.04 + 0.004 0.04 +0.002 0.06 +0.002 0.12 + 0.002 0.3+0.002
AC Accuracy continued on following page. .
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AC Accuracy continued: 24 Hour fo 2 Year (% of Reading + % of Range)

ACBAND > 2 MHz

45Hz to 100 kHz to

Range 100 kHz 1 MHz

1MHz to
4 MHz

4MHzto

8MHz 10

§MHz 10 MHz

omY 0094008 12-005  3+047

20+ 0.08

100mv-10V 009+006 20+005 4.+ 007

4 +0.08

15+ 041

100 v 0.12 +0.002

1000 Vv 0.3+0.01

Transfer Accuracy

Range
100 mv-100V

% of Reading
{0.002 + Resolution in %) !

Conditions

* Following 4 Hour warm-up

« Within 10 Min and + 0.5°C of the reference measursment
+ 45 Hz to 20 kHz, sine wave input

+« Within + 10% of the refersnce voltage and frequency

! Resolution is the vaiue of RES
command or parametar.

2 Additional error beyond +1°C, but

within 1 5°C of last ACAL.

1% of Range) /°C. For ACBAND
> 2 MHz, use 10 mV range
temperature coefficient.

AC + DC Accuracy (AcDCY Function)
Far ACDCV Accuracy apply the following additicnal error to the ACV accuracy. (% of Range)

DC < 10% of AC Voltage
Range ACBAND <2 MHz ACBAND = 2MHz  Temperature Coefficien 2

omv 0.0 0.09 0.03
100 mV - 1000 V 0.008 0.09 0.0025

DC > 10% of AC Voltage

Range ACBAND < 2 MHz ACBAND > 2 MHz Temperature Coefficient 2
10 mV 0.7 0.7 0.18

100 mV - 1000 V 0.07 0.7 0.025

Additional Errors
Apply the tollowing additionat errors as appropriate to your particular measurement setup. (% of Reading)

Input Frequency 2
0-1MHz 1-4 MHz 4.-8MHz 8-10MHz

00 0 2 1-2

50 Q Termination  0.003 0 2-3  (Resoluion in %
~oon4 2 3-4

0.005 3

3 Fratness eror including instrument
loading.

Crest Factor  Resolution Multiplier f

Source R

{Resoluticn in %

75 Q Termination
500

) x1
yx2
{Resolution in %) x 3
yx5

4-5 (Resoluticn in %

Reading Rates ¢
ACBAND Low

4 Reading time is the sum of the
Sec / Reading shown for your
configuration. The tables will yisld
the slowes! reading rate for your
configuration. Actual reading rales
may be faster. For DELAY-1,
ARANGE OFF.

Maximum Sec / Reading % Resolution Maximum Sec / Reading

85 0.001 - 0.005 32

5-0Hz 20 0.005 - 0.01 65
20- 100 Hz 12 0.01-0.0 32
100 - 500 Hz 032 0.05-0.1 064
> 500 He 002 04-1 032

>1 0.1

Settling Characteristic
There is no instrument settling required.

Common Mode Rejection
For 1 kQ imbalance in LO lead, »90dB, DC to 60 Hz,

Specifications
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High Frequency Temperature Coefficient Maximum Input

For outside Tcal + 5°C add the following error, -
{% of Reading) / °C Ratedinput  Non-Destructive

Frequency Hito LO +1000 V pk £1200 V pk
Range 2- 4 MHz 4-1) MHz LO to Guard + 200V pk +350 V pk
10mv-1V 0.02 0.08 Guard to Earih £500V pk +1000 V pk
10V- 1000 V 0.08 0.08 Volt - Hz Product 1x108

Analog Mode (acv Function, SETACY ANA)

Temperature Coefficient | 'ggfﬂm‘f 'i”soorcb%ﬁgg, igﬁ
Range Full Scale Maximum Resolution Input Impedance {% of Reading+ % of Range} / °C - ' '
Specifications apply full scale to

H0my 12.00000 10 n¥V 1 MR £ 15% with < 140 pF 0.003 + 6.006 1/20 lull scale, sinewave input,

100mY 120,000 1000V 1 MR 1% with < 140 pF 0.002+00 L T

1V 1.200000 1pv 1 MQ + 15% with < 140 pF 0.002 + 0.0 Jast ACAL.
i 0C is limited to 408 V
10V 12.00000 10V 1 MQ £ 2% with < 140 pF 0.002+00 Mam Do s imited 0

100V 120.0000 10ouv 1 MO £ 29 with < 140 pF 0.002+ 0.0 Add 2 ppm of reading additional
for HP factory ¥ bility of
1000V 1050000 1 v 1 M0 £ 2% with < 140 pF 0.002+ 0.0 o o L p raceadily o

AC Accuracy?
24 Hour to 2 Year {% Reading + % Range)

10 Hz to 20Hzto 4 Hzto 100Hzto 20 kHzto 50 kHz to 100 kHz to 250 kHz to 500 kHz to 1MHzto
Range 20 Hz 40 Hz 100 Hz 20 kHz 50 kHz 100 kHz 250 kHz 500 kHz 1MHz 2MHz

10mv 04+032 015+025 006+025 0.02+025 015+025 07+035 4+07
10mV-10V 04+002 015+002 0.06+0.01 0024001 0154004 06+0.08 2+05 3+06 5+2 1045

100V 04+002 015+002 006+001 003+001 015+004 054008 2+05 3+086 5+2 ‘
1000 V 042+003 017+003 0.08+002 006+002 0.15+0.04 0.6+0.2

AC + DC Accuracy (ACDCV Function)
For ACDCV Accuracy apply the foliowing additional error 1o the ACV accuracy. (% of Reading + % of Range) 3 rin
Additionaf error beyond +1°C,

DC < 10% of AC Voltage DC > 10% of AC Voltage but within + 5°C of fast ACAL.
(% of Reading + % of Range)/°C.

Range Acouracy Temperature Coefficiant 3 Accuracy Temperature Coefficient ?
10 my 0.0+02 0+0015 0.15+3 0+0.06
100 mV -1000V 0.0+ 0.02 0 +0.001 015+025 04 0.007

Additional Errors
Apply the following additional errors as appropriate to your particular measurement setup.

Low Frequency Error (< of Reading) Crest Factor Error (¢ of Reading)

ACBAND Low Crest Factor Additional Etror

Signal 10 Hz - 1 kHz 1-10kHz > 10 kHz 1-2 0
Frequency 'NPLG > 10 NPLC > 1 NPLC > 0.1

200 - 500 Hz 0 0.15
500 - 1 kHz 0 0.015 0.9 3-4 0.25
1-2kHz e 0 0.2 4-3 0.40
2-5kHz 0 0 0.05

5-10 kHz 0 0 0.01

2-3 0.15
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Reading Rates

1 For DELAY-1; ARANGE OFF

Sec/ Reading
For DELAY 0; NPLC .1, unspecified
ACBAND Low ACY  AcCDCV reading rates of greater than 500/
> 10 Hz 1.2 i Sec are possible.

>1kHz ’ ' 1 0.1
> 10 kHz . ! 002

Settling Characteristic

For first reading or range change error using default delays, add .01% of input step additional error.
The following data applies for DELAY 0.

Function ACBAND Low DC Component Settling Time
ACV 210Hz DC < 10% AC 0.5 sec to 0.01%
DC > 10% AC 0.9 sec to 0.01%
ACDCY 10 Hz - 1 kHz 0.5 sec to 0.01%
1kHz - 10 kHz 0.08 secto 0.01%
210 kHz 0.015 sec to 0.01%

Maximum Input Common Mode Rejection
Rated Input  Non-Destructive For 1 kQ imbalance in L lead, >30 dB, DC - 60 Hz.
Hito LO + 1000V pk 11200 V pk
LO to Guard +£200V pk +£350 V pk
Guard to Earth +500 V pk +1000 V pk
Volt - Hz Product 1x108

Random Sampled Mode (acv Function, SETACY RNDM)

Additional error beyond £1°C,
Temperature Coefficient 2 but within + 5°C of last ACAL.
Range Full Scale  Maximum Resalution Input Impedance { % of Reading + % of Range )/ °C For ACBAND > 2 MHz, use

10my 120,000 100V 1 M £ 15% with < 140 pF 0.002 +0.02 ;ge%:;?;;’;’f’mgg’e
100my 120,000 1000V 1 M2 £ 15% with < 140 pF 0.001 +0.0001
1V 1.200000 1V 1 MQ + 15% with < 140 pF 0.001 +0.0001
10V 1200000 10 v 1 MQ £ 2% with < 140 pF 0.001 + 0.0001
100V 120,000 100 pv 1 MQ £ 2% with < 140 pF 0.001 + 0.0001
1000V 1050.000 1 mv 1 MQ + 2% with < 140 pF 0.001 + 0.0001

AC Accuracy s
24 Hour to 2 Year (% of Reading + % ot Range) o
Specifications apply from fulf

ACBAND < 2MHz ACBAND > 2 MHz scale to 5% of full scale, DC

10% of AC, sing wave input,
20Hzto 100kHzto 300kHzto 1MHzto 20Hzte 100kHzto 1tMHzto 4MHzto 8MHzto :,65,;30,0, =14, and P,qf_%ﬂ

Range 100kHz 300 kHz 1MHz 2 MHz 100 kHz 1 MHz 4 MHz 8MHz  10MHz Within 24 hours and +1°C of fagt
10 mv 05:002 4+0.02 0.140.06 124005  3+0.07 204008 ACAL

Add 2 ppm of reading additional
100mV-10V 0.08+0.002 0.3+0.01 14001  15:0.01 014006 2005 44007 44008  1540.1 arror for HP factory traceabilty of
100V 0.12:0002 0.4:0.01 154001 01240002 10V DC 1o US NBS.

Maximum OC is limited to 400 V
1000 V 0.3+0.01 0.3+0.01 in ACV function.
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AC + DCV Accuracy (acocy Function)

For ACDCV Accuracy apply the following additional error to the ACV accuracy. (% of Range).

DC < 10% of AC Voltage

DC >10% of AC Voltage

ACBAND ACBAND
Range <2 MHz > 2MHz

Temperature
Coefficient /

ACBAND ACBAND
<2 MHz >2MHz

Temperature
Coefficient ?

10mV 0.09 0.0%

0.03 0.7 0.7 0.18

100 mV - 1kV .008 0.09

0.0025 0.07 0.7

0.025

Additional Errors

Apply the following additional errors as appropriate to your parficular measurement setup. {% of Reading)

T Adeitional srror beyond +1°C, but
within + 5°C of last ACAL.
(% of Reading) /°C.

For ACBAND »2 MHz, use

Input Frequency &

10 mV range lemperature

Crest Factor  Resolution Multipfier

Source R 0-1MHz 1-4MHz 4-§MHz

coefficient for alf ranges.

8-10 MHz 1-2 (Resolution in %) x 1

0Q 0 2

2 . "
2.3 {Resolution in %) x 3 Fiatness error inchiding

50 Q Termination  0.003

instrument foading.

75 Q Termination  0.004

)
3-4 (Resolution in %} x 5\\
4-5 (Resolution in %) x 8

50 @ 0.005

Reading Rates +

Sec / Reading

% Resolution ACY ACDCY
0.t-0.2 40 39
0.2-04 " 9.6
04-06 27 24
06-1 1.4 1.1
1-2 0.8 0.5
2-5 0.4 0.1
>5 0.32 0.022

Settling Characteristic
For first reading or range change error using
default delays, add 0.01% of input step
additional error. The following data applies
for DELAY 0.

Function
ACV

DC Componant Setiling Time
DC <10% of AC  0.5secto 0.01%
DC >10% of AC 0.9 secto 0.01%

ACDCV  No instrument settling required.

Specilications
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High Frequency Temperature Coefficient

For ouiside Teal + 5°C add the foltowing error.
(% of Reading} / °C

Range 2-4MHz 4-10 MHz
10my-1v 0.02 0.08
10V-1000V 0.08 0.08

3 For DELAY -1; ARANGE OFF,
For DELAY 8 in ACY, the
reading rates are identical to
ACDCY,

Common Mode Rejection
For 1 kQ imbalance in LO lead, >30 dB, DC to 60 Hz.

Maximum Input

Non-Destructive
£1200 V pk
+350 V pk
+1000 V pk

Rated Input
+1000 V pk
+200 V pk
%500V pk
1x108

Hito LO

LO to Guard
Guard to Earth
Voit - Hz Product




5/AC Current

AC Current (ACl and ACDCI Functions)

Maximum Shunt
Full Scale Resolution Resistance

120.0000 100 pA
1200000 1 nA
10mA 1200000
100mA 1200000
T 1.050000

Additional error beyond +1¢C, but
within + 5°C of last ACAL.

Specifications apply fulf scale to
1720 tull scale, for sine wave
inpuis, crest faclor = 1.4, and
folliowing PRESET within 24 haurs
and +1°C of fast ACAL.

Add 5 ppm of reading additional
error for HP lactory traceability to
US NBS. Traceability is the sum ot
the 10 V and 10 162 traceabifity
vakies.

Typical performance.

Burden
Voltage

730Q 0.1
1000 0.4
10nA 100 0.4V
100 nA 10 0.25V
iy 010 A5V

Temperature Coefficient 7
{% of Reading + % of Range} / °C

0.002+0
0.002 +0
0.002+0
0.002+0
0.002 +0

Range
100 nA
1 mA

AC Accuracy:
24 Hour to 2 Year (% Reading + % Range)

10 Hz to 20Hzto
Range 20Hz 45 Hz

100 pA 4 0.4+0.02 0.1540.02
‘ 0440.02 0.15+0.02
0.4+0,02 0.1640.02

1 kHz maximum on the 100 uA
range.

45Hz to 100 Hz to
100 Hz 5kHz

0.06+0.02 0.06+0.02
0.06+0.02 0.03+0.02
0.08+0.02 0.1+0.02

5kHz to
20 kHz 3

20 kHz to
50 kHz 3

50 kHz to
100 kHz 3

0.0640.02 0.55+0.15

0.3+0.02

0.440.04
1+0.04

AC + DC Accuracy (ACDCI Function)

For ACDCI Accuracy apply the following additional error to the ACI accuracy.
{% of Reading + % of Range).

DC < 10% of AC
Accuracy

0.005 + 0.02

5 Additionai error beyond £1°C, but
within + 5°C of last ACAL.
{% of Reading + % of Range} /°C.

DC > 10% of AC
Accuracy

0.15+ 0.25

Temperature Coefficient 5
0.0 + 0.001

Temperature Coefficient 5
0.0 +0.007

Additional Errors
Apply the following additional errors as appropriate to your particular measurement setup.
Low Frequency Error (% of Reading } Crest Factor Error (% of Reading}

ACBAND Low Additional Error

10 Hz - 1 kHz 1-10kHz > 10 kHz 1-2 0
NPLC >10 NPLC >1 NPLC >0.1

200 - 500 Hz 0.15
500- 1 kHz 0.9

Crest Factor

Signal
Frequency

2-3 0.15
3-4 0.25
4-5 0.40

1«2 kHz

02

2+5kHz

0.05

5-10kHz

0.0

Reading Ratess

Maximum Sec / Reading
ACBAND Low ACI ACDCI
210 Hz 1.2 1

>1kHz 1 0.1
210 kHz . 1 0.02

6 For DELAY-1; ARANGE OFF.
For DELAY 0; NPLC 1, unspecified
reading rates of greater than 500 / sec
are possible.
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Settling Characteristics

For first reading or range change error using default delays, add .01% of input step additional error for the
100 pA to 100 mA ranges. For the 1 A range add .05% of input step additional error.

The following data applies for DELAY 0.

Functlon

ACBAND Low

DC Component

Settling Time

AcCr

210 Hz

DC < 10% AC

0.5sect0 0.01%

DC > 10% AC

09secio0.01%

ACDCI

10 Hz-1 kHz

0.55ect00.01%

1 kHz - 10 kHz

0.08 sec 10 0.01%

210 kHz

0.015sec 10 0.01%

Maximum Input

Rated Input

Non-Destructive

ltoLO

+1.5Apk

<1.25 Arms

1.0 to Guard

+200Vpk

+ 350 V pk

Guard to Earth

£500 V pk

£1000V pk

6/Frequency/Period 6

Frequency / Period Characteristics

Voltage {AC or DC Coupled)
ACV or ACDCV Functions 7

1 Hz- 10 MHz
1sec-100ns
700V ms—1mVms
1 MQ £ 15% with < 140 pF

The source of fraquency
measurements and the
measurament inpuf coupling are
determined by the FSOURCE

1 Hz - 100 kHz command,

Range dependent, see ACI for
spacific range impedance values.

Gale Time is determined by the
specified measurement resolution.

For Maximumn Input specified to fixed
range operation. For auls range, the
maximum speed is 30 readings / sec
for ACBAND 2 1 kHz.

Actual Reading Speed is the longer
of 1 period of the input, the chosen
gate time, or the default reading
time-out of 1.2 sec.

Current {AC or DC Coupled)
ACl or ACDCI Functions !

Frequency Range

Period Range 1sec—10us

Input Signal Range

1 Arms ~ 10 pA rms
0.1-1000 &2

Input Impedance

Reading Rates

Resolution

Accuracy

GateYime 3 Readings/Sec 4

24 Hour — 2 Year

Range 0°C-55°C 0.00001% 1s 0.95
: Hz ; 540 Hz 0.05 % of Reading 0.0001% 100 ms 9.6
§-aoms 0.001% 10ms 73
0.01% 1ms 215

0.1% 100 us 270

40 Hz ~ 10 MHz

25 ms ~ 100 ns 0.01 % of Reading

Measurement Technique:
Reciprocal Counting

Time Base:
10 MHz £ 0.01%, 0°C to 55°C

Level Trigger:
+ 500% of Aange in 5% steps

Specilications
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Trigger Filter:
Selectable 75 kHz Low Pass Trigger Filter

Slope Trigger:

Positive or Negative




7/Digitizing Specifications

General Information

The HP 3458A supports three independent methads for signal digitizing. Each method is discussed below to aid in
selecting the appropriate setup best suited to your specific application.

DCV Standard DCV function.
This made of digitizing allows signal acquisition at rates from 0.2 readings / sec at 28 bits resolution
to 100 k readings / sec at 16 bits. Arbitrary sample apertures from 500 ns to 1 sec are selectable
with 100 ns resolution. Input voltage ranges cover 100 mV to 1000 V full scale. Input bandwidth
varies from 30 kHz to 150 kHz depending on the measurement range.

Direct Sampling DC Coupled measurement technique.

Direct Sampling AC Coupled measurement technique.

In these modes the input is sampled through a track / hold with a fixed 2 ns aperture which yields a
18 bit resolution result. The sample rate is selectable from 6000 sec / sample fo 20 s / sample with
100 ns resolution. Inpul voltage ranges cover 10 mV peak to 1000 V peak full scale. The input
bandwidth is limited to 12 MHz.

Sub-Sampling { Effective time sampling ) DC Coupled.

Sub-Sampling { Effective time sampling ) AC Coupled.

These techniques implement synchronous sub-sampling of a repetitive input signal through a track /
hold with a 2 ns sample aperture which yields a 16 bit resolution result. The effective sample rate

is settable from 6000 sec / sample to 10 ns / sample with 10 ns resolution. Sampled data can be
time ordered by the instrument and output to the HP-IB. Input voltage ranges cover 10 mV peak to
1000 V peak full scate. The input bandwidth is limited 1o 12 MHz.

Summary of Digitizing Capabilities
Technique Function Input Bandwidth Best Accuracy Sample Rate
Standard oev DC - 150 kHz 0.00005 - 6.01% 100 k/sec
Direct-sampled DSDC / DSAC DC- 12 MHz 0.02% 50 k/sec
Sub-sampled S5DC/8SAC DG -12MHz 0.02% 100 M/ sec (effective)

Standard DC Volts Digitizing (DCV Function)  orostmEO

Input Offset Typical Settling Time frours and £1°C of last ACAL.
Range Impedance Voltage Bandwidth 10 0.01% of Step

100 mV >10100) <5py 80 kHz 50 ps
1V >1010Q <5pv 150 kHz 20ps
1y >10100 <5uV 150 kHz 20ps
100V 10 MG <500 uv A kHz 200 us
1000 V 10 MQ < 500 pv 30 kHz 200 ps

DC Performance
0.005 % of Reading + Offset 1

Maximum Sample Rate (see oy for more data) Sample Timebase 2 75 s vy between
Readings /sec  Resolution Aperture Accuracy: 0.01% mulliple HP 24584s..
100% 15 bits 08us Jitter: < 100 ps rms
100 k 16 bits 14ps External Trigger

50k 18 bits 6.0 s Latency: < 175 ns 2
Jitter: < 5¢ ns rms

Level Trigger
Latency: < 700 ns

Jitter: < 50 ns rms Specifications
A-13




7

Dynamic Performance
100 mV, 1V, 10 V Ranges; Aperture =6 ps

Test Input (2 x full scale pl-pl) Result

DFT-harmonics 1kHz <96 dB

DFT-spurious 1 kHz <-100dB

Eif?erential non-linearity  dc

< {.003% of Range

Signél to Noise Ratio 1 kHz > 9 dB

Direct and Sub-sampled Digitizing (ospc, psac, sse and SSAC Functions)

Input Offset
Range ! Impedance Voltage 2

Typical
Bandwidth

10 mV 1 MO with 140 pF <50V

2 MHz

100 my 1 MQ with 140 pF <90pv

12 MMz

1V 1 Mg with 140 pF <800 1V

12 MHz

0V 1 MQ with 140 pF <gmy

12 MHz

10V 1 MQ with 140 pF <80 my

12 MHz 3

1000V 1 MQ with 140 pF < 800 mV

2MHz 3

DC to 20 kHz Performance
0.02 % of Reading + Offset2

Maximum Sample Rate

Sample Timebase

Function Readings / sec Resolution

Accuracy: 0.01 %

S5DC, SSAC: 100 M {effective) 16 bits

Jitter: < 100 ps rms

DSDC, DSAC S0k 16 bits

External Trigger

Dynamic Performance
100 mV, 1V, 10V Ranges; 50,000 Samples / sec

Latency: <125 ns®
Jitter; < 2 ns rms

Level Trigger

Test tput (2 % full scale pk-pk) Result

Latency: < 700 ns

DFT-harmonics 20 kHz <- 90dB

Jitter: < 100 ps, for 1 MHz full scale input

DFT-harmonics 1.005 MHz <-60dB

DFT-spuriocus 20 kHz <-90dB

Differential non-linearity 20 kHz

< 0.005 % of Range

Signal to Noise Ratio 20 kHz > 66 dB

Specifications
A-14

T Maximum DC voltage imited to

400 V DC in DSAC or S8AC
functions.

+1°C and within 24 hours of last
ACAL ACY.

Limited to 1 x 108 V-Hz product,

Effective sample rale is
determined by the smallest time
inerement used during
syncfvonous sub-sampling of the
repelilive input signat, which is
10 ns.

< 25 ns variability between
multiple HP 3458As.




8/System Specifications

Function-Range-Measurement

The time required to program via HP-IB a new measurement configuration, trigger a reading, and return
the resuit to a contraller with the following instrument setup: PRESET FAST: DELAY 0; AZERO ON;
OFORMAT SINT; INBUF ON.

1
TO - FROM Configuration Description HP-IB Rale ’ Subprogram Rate Using HP 9000 Series 350.

2 . .
DCV < 10V 10 DCV < 10V 180 sec 340/ sec okt

any DCV / OHMS to any DCV / OHMS 85/ sec 110/ sec
any DCV / OHMS to any DCV / OHMS with DEFEAT ON 150/ sec 270/ sec
TO or FROM any DCI 70/ sec 90/sec
TO or FROM any ACV or ACI 75/sec 90 /sac

Selected Operating Rates -

Rate

DCV Autorange Rate (160 mV to 10 V) 110/ sec
Execute simple command changes (CALL, OCOMP, etc.) 330/ sec
Readings to HP-IB, ASCII 650/ sec
Readings to HP-1B, DREAL 1200/ sec
Readings to HP-IB, DINT 50,000/ sec
Readings to internal memory, DINT 50,000 / sec
Readings from internal memory to HP-IB, DINT 50,00C / sec
Readings to HP-I1B, SINT 100,000/ sec
Readings 1o internal memory, SINT 100,000 / sec
Readings from internal memary to HP-1B, SINT 100,000/ sec
Maximum internal trigger reading rate 100,000/ sec
Maximum external trigger reading rafe 100,000/ sec

Standard Option 001
Readings Bytes Readings Bytes
Reading Storage (16 bit) 110,240 Dk +65,536  +128k

Non-volatile, fer subprograms
and/ or state sterage

14k

Delay Time Timer

Accuracy +001%<5ns Accuracy +0.01% +5ns
Maximum 6000 s Maximum 6000 s
Resofution 10ns Resolution 100 ns

Jitter 50 ns pk-pk Jitter < 100 ps rms

Specifications
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9/Ratio

Type of Ratio

DCV/DCV
ACV/DCV
ACDCV/DCV

" ! AN SETACY measurement types
Ratio = (Input) / (Reference) are selgctabla,

Reference: {HI Sense to LO) - (LO Sense to LO) 2 2 10 Sense to LO limited to
Reference Signal Range: + 12 V DC {autorange only) 025V,

Accuracy

+ (Input error + Reference Error)
Input error = 1 x Total Error for input signal measurement function (DCV, ACV, ACDCV)
Reference error = 1.5 x Total error for the range of the reference DC input

10/Math Functions

General Math Function Specifications
Math is executable as either a real-time or post processed operation.

Math function specifications do not include the error in X { the instrument reading ) or errors in user
entered values. The range of values input or output is + 1.0 x 1037 to + 1.0 x 1057, Out of range values
indicate OVLD in the display and 1 x 103 to HP-IB. The minimum execution time is the time required to

complete one math operation after each reading has compieted.

NULL:

X-OFFSET
Minimum Execution Time = 180 s

100 x {X-PERC} / PERC
Minimum Execution Time = 600 us

20 x Log (X/REF}
Minimum Execution Time = 3.9 ms

1-pole digital filter
Computed rms of inputs.
Minimum Execution Time = 2.7 ms

MEAN, SDEV computed for sample
population (N-1). ’

NSAMP, UPPER, LOWER accumulated.
Minimum Execution Time = 90C ps

CTHRM2K (FTHRM2K):

°C {°F) temperature conversion for
2.2 k) thermistor (HP40653A).
Minimum Execution Time = 160 s

CRTDB5 (FRTDSS):

°C (°F) temperature conversion for
RTD of 100 Q, Alpha = 0.00385
(HP40654A or HP406548).
Minimum Execution Time = 160 ps

Specifications
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SCALE:
(X-OFFSET) / SCALE
Minimurm Execution Time = 500 ps

PFAIL:
Based on MIN, MAX registers
Minimum Execution Time = 160 ps

dBm:
10x Log [ (X2/RES)/1mW]
Minimum Execution Time = 3.9 ms

FILTER:
1-pole digital filter
Weighted Average of inputs
Minimum Execution Time = 750 ys

CTHRM (FTHRM):
°C (°F) temp conversion for
5 k@ thermistor {(HP406538).

Minimum Exegution Time = 160 us

CTHRM10K (FTHRM10K):
°C (°F) temperature conversion for
10 k€2 thermistor (HP40653C).
Minimum Execution Time = 160 ps

CRTD92 (FRTDI2):
°G (°F) temperature conversion for
RTD of 100 Q, Alpha = 0.003916

Minimum Execution Time = 160 ps




11/General Specifications

Operating Environment Storage Temperature
0°C to 55°C -40°Cta +75°C

Operating Humidity Range Warm-Up Time
up to 85% RH at 40°C 4 Hours to published specifications

Physical Characteristics Power Requirements
88.9mm H x 425.5mm W x 502.9mm D 100/120 V, 2207240 V £ 10%
Net Weight: 12kg (26.5 Ibg) 48 Hz 10 420 Hz automatically sensed
Shipping Weight 14.8kg (32.5 Ibs} <30W, <80 VA (peak)
Fused: 15A@ 1158V or05A@ 230V
IEEE-488 Interface
Complies with the following: Designed in Accordance with
I[EEE-488.1 Interface Standard Safely: IEC 348, UL1244, CSA
|[EEE-728 Codes/Formals Standard EMI; FTZ 1046, FCC part 15-J
HPML (HP Multimeter Language}
Input Terminals
Gold-plated Tellurium Copper

Field Installation Kits HP Par{ Number
Option Q01 Extended Reading Memoary 03458-87901
Option 002 High Stability Reference 03458-80002
Option 005 Waveform Analysis Library (3458-80005
Extra Keyboard Overiays (5 each) 03458-84303

Available Documentation HP Part Number
Product Note 3458A-1:  Optimizing Throughput and Reading Rate 5953-7058
Product Note 3458A-2:  High Resclution Digitizing with the HP 3458A £953-7059
Product Note 3458A-3: Electronic Calibraiion of the HP 3458A 5953-7060
Extra Operating Manual 03458-30000

Wavetorm Analysis Library Description

Provides a library of subprograms and functions that can initialize the
computer and the HP 34584, acquire waveform data, perform
parametric measurements on the data, compare the waveform data to
previously captured limits, and format and output the measurement
results in a real-time scope-like fashion on the disptay.

Software routines are also provided for time domain analysis
{frequency, rise time, pulse width) and frequency domain analysis
{Fast Fourier transforms, FFT). Routines also provide interpolation
between data points {linear or sin x / x).

Specifications
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A voltmeter has four basic functional blocks.

The input signal must first pass through some type of signal
conditioner. For a DC input voltage, the sighal conditioner
may consist of an atlenuator for the higher voltage ranges and a
DC amplifier for the lower ranges. If the inpuf signal is an AC
veltuge, an RMS converter changes the AC signal to an equiva-
fent DXC wadue, By supplying a DC current, an ohms converter
changes resistance fo a DC voltage, In nearty all cases, the
input sienal conditioner converts the unkrown quantity ko a
DC woltage that is within the range of the A-fo-D converter.
The job of the A-to-D converter is to take @ pre-scaled DC
vollage and convert if to digits, A-to-D converters are single
range DC voltage devices, Sowe take a TV full-scale input
while others take a 10 'V full-scale input. For this reason, the
signal conditfoner must attenuate higher voltages and amplify
lwoer voltages to give the voltmeter a selection of ranges,

Lot's take an example, Suppose we apply 250 V AC fo a volt-
meter with @ A-to-D converter that requiresa 1V DC input,
The AC signal is attenuated on the 1000 V AC range and
converted fo a DC volfage equal to 0.25 V. The ﬁnﬁl reading
appears as "250.0 ¥V AC." (In general, AC in the HP 3458A
Multimeter uses 2V full-seale.)

These first two butlding blocks govern the voltmeter's basic
characteristics such as its number of digits, its ranges, and its
sensitivity, The A-to-D converter governs a voltmeter's
speed, resolution, and, in some cases, its ability to reject noise,
The logic block manages the flote of information and the cor-
rect sequence of variows infernal functions, The logic also acts
as a communicator with the outside world. Specifically, the
logic manages the outward flow of digital information and
accepts programnpting instructions from ather devices. The
display communicates visually the result of a measurement,
In selecting a voltmeter to fill @ specific application, these
butlding blocks combine to give the instroment its specific
performance characteristics,

Appendix B
Electronic Calibration

of the HP 3458A
(Product Note 3458A-3)
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Saving Calibration
Time and Money

mentation tends to increase complexity and cost of

maintaining calibration of these instruments. Inan
effort to reduce the cost and complexity of calibration,
the HP 3458A Multimeter reduces the nuinber of exter-
rial reference standards required for calibration. All
functions and ranges require only one external DC volt-
age standard and only one external resistance standard.

Many of the external reference standards traditionally
maintained and used by metrology laboratories for cali-
bration (for example, resistive networks and DC-to-AC
transfer devices) are being replaced with internal circuit-
ry and algorithms that can achieve comparable results.
With the HF 3458A Multimeter, all adjustments are elec-

T he increasing accuracy required of today's instru-

tronic — there are no potentiometers in this instrument.

For many applications, you can substantially increase
the time between calibrations, saving costs. For examnple,
the standard HP 3458A Multimeter is as accurate at the
end of a year as most multimeters are at the end of a day.

In systems, rack temperatures are typically more than
40°C and have wide temperature variations. Auto-cali-
bration of the HF 3458A Multimeter improves measure-
ment accuracy under these circumstances.

The end result is that the HP 3458A Multimeter mea-
sures DU and AC with unmatched aceuracy, precision,
and speed, while avoiding the usual high cost of main-
taining such an instrument.

The Basis for Auto-Calibration

Only three external inputs are needed as the basis for all
normal adjustments:

= Four-wire short
* 10V DC voltage standard
= 10 k£ resistance standard

Nortnal calibration, deseribed below, provides trace-
ability of all functions, ranges, and internal reference
standards to the two external standards. An additional
auto-calibration process adjusts the HP 3458A
Multimeter using internal reference standards that are
traceable to the external standards via the normal cali-
bration process. Thus invoking auto-calibration at any
time produces exemplary accuracy over a long time
frame and over widely varying operating temperatures.

Multimeter designers and users have always had to
cope with how to reduce offset and gain error intro-
duced into measurements by internal circuits of the
multimeter. These errors constantly change because

Electronic Calibration of the HP 345354
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component characteristics vary with time, temperature,
humidity, and other environmental conditions. Early
multimeters reduced internal errors by adjusting the
value of key components. The use of adjustable compo-
nents had two major drawbacks. First, making adjust-
ments often required removing the multimeter's covers.
Unfortunately, removing the covers changed the temper-
ature within the multimeter. Second, adjustable compo-
nents were often a major contributor to drift that cansed
inaccuracies.

With the emergence of non-volatile memory, multime-
ters were designed with few or no adjustable compo-
nents. Instead, microprocessors wera used to calculate a
gain and offset correction for each function and range.
These correction constants were then stored in non-
volatile memory and used to correct the errors of the
internal cireuitry. Calibration was improved because cov-
ers were removed during calibration and the multimeter's
internal eircuits required no adjustable components.

The HF 3458A goes beyond these techniques by con-
veniently correcting errors due to time or environmental
variations. Adjustments prirnarily consist of offset and
gain constants, although all other errors are considered.
A patent pending technique prevents the loss of calibra-
tion constants in non- volatile memory.

The analog-to-digital converter's linearity and trans-
fer accuracy are fundamentally important to the calibra-
tion technique used in the HP 3458A Multimeter. The
linearity of the analog-to-digital converter gives the
instrurnent the ability to measure the ratio of two DC
voltages at state-of- the-art accuracies. In other words,
this converter maintains its accuracy over the entire
measurement range, without any internal adjustrnents.
The speed of the analog-to-digital converter allows an
internal DC to AC transfer of accuracy, again state-of-
the-art.

The analog-to-digital converter achieves this perfor-
mance uging a patented technique known as "multi-
slope integration.” This technique uses charge balanc-
ing, where the charge from the input signal is cancelled
by charge injected from reference signals. Multi-slope
integration alse allows the integration aperture to be
changed so that measurement resolution can be traded
for measurement speed.




Measurements using a Josephson junction standard
confirm linearity of the analog-to-digital converter
design. These measurements reveal integral linearity
below 0.1 parts per million and differential linearity of
0.02 parts per million. This performance, incidentally, is
comparable to a Kelvin-Varley divider.

The only errors not removed in the HP 3458A
Multimeter calibration are drifts of the internal voltage
reference and the internal resistance standard. The
internal reference voltage has an average drift during its
first 90 days of less than 2 parts per million. As shown
in Figure 1, the three sigma points are less than 4 parts
per million. For DC volt transfer measurements, the
HP 3458A Multimeter's short-term stability is within
0.1 parts per million of reading.

The internal reference resistor has a specified drift of
5 parts per million per year and a temperature coeffi-
cient of 1 part per million per Celsius degree.

Auto-calibration adjusts for time and temperature
drifts in the rest of the circuitry, relative to these internal
references.

Offset Adjustments

To remove offset errors of internal circuits, the multi-
meter internally connects a short in place of the input
terminals and measures the offset. Normal measure-
ments of signals on the input terminals subtract this off-
set to give the correct reading. The only offset errors not
removed by this approach are thermocouple offsets
along the path from the input terminals to the point that
is switched to the internal short.

These errors require a four-wire short on both the
front and rear input terminals (switch selected). With

PPM ERROR
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Figure 1,

This plot shows stabliity
with time of the reference
voltage standard used in
the HP 3456A Multimeter,

these external inputs, one command, CAL 0, executes
zero offset measurements that result in additional offset
calibration constants to correct subsequent readings.

Other multimeters use this approach to removing
offset errors. The HF 3458A Multimeter simply makes
improvements by using more stable components, again
minimizing time and environmental errors.

DC Gain Adjustments

Gain adjustments of all five DC voltage ranges
(100 mV full- scale to 1000 V full-scale) require only one
external DC voltage standard. The DC voltage input
path, shown in Figure 2, requires three adjustments,
potentially. The product,

Gpq X Gp X Gp,

L attenuation
amplifier gain (different for each range),
gain associated with the analog-to-digital converter

represents the calibration gain used on any given range.

Internal tolerance limits for each gain adjustment are
factory set. A gain value outside the associated toler-
ance indicates a malfunctioning instrument. Therefore,
as the gain adjustments are being computed, the instru-
ment checks the value of each gain adjustment and flags
errors accordingly.

Hange:tOv,1Y Qv
Amplification: X1,X10

A-to-D

J converter

Range; 100v, 1000
Amplification: x10, x1

Figure 2.

The DC input path to the analog-to-digltal converter
I3 either through an emplifier anly or through an
additional resistive attenuatar, depending on the
range used.

Electronic Calibration of the HP 3458A
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The user enters the exact value of the external 10 V
DC voltage standard (for example, "CAL 10"). The fol-
lowing sequence, performed automatically by the
HP 3458A Multimeter, determines gain constants for
all ranges:

1. Measure the external "10 V" standard on the
10V range.

. Create the gain adjustment for the 10 V range
using the ratio of the measured and actual
values.

. Measure accuracy of the internal reference volt-
age relative to the external standard, and store
the difference as a reference adjustment.

{When subsequently invoked, auto-calibration
uses this stored value to re-determine all gain
adjustment constants).

Gain adjustments are now made for all other DC
voltage ranges.

4. Using the input path for the 10 V range, accu-
rately measure 1 V generated internally.

Linearity of the measurement circuits allows a mea-
surement that accurately reflects the actual 1 V output.
In other words, we transfer traceable accuracy from the
10 V range to all other ranges.

Figure 3.

On the 1000 V range,
nonlinear sefi-heating
errors of the 100:1
resistive attenuator are
noticeable.

Electronic Calibration of the HP 3458A
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The lower ranges use amplifiers to condition the
input for the 10 V full-scale analog-to-digital converter.
Each amplifier used requires a gain constant, G, to
adjust normal readings. The following process deter-
mines these constants. ‘

5. In the 1 V range, measure the same 1 V previ-
ously measured with the 10 V range.

. Calculate a 1 V range gain adjustment so that
the two measurements agree.

Note that neither the precise value nor the
long-term stability of the internal 1 volt source
are important. The internal 1 volt source need
only be stable for the time it takes to measure it
twice.

. Using the adjusted 1V range, accurately mea-
sure 0.1 V generated internally.

8. Measure the same 0.1 V using the 100 mV range.

. Calculate a 100 mV range gain adjustment so
that the two measurements agree.

Normal 100 V and 1000 V range measurements use a
100:1 resistor network to attenuate the input. To correct
errors introduced by this network, we apply zero volts
to the input. Then, we apply 10 V and measure the actu-
al value. Finally, we measure 0.1V, with the zero error
removed, and compute the gain adjustment constant.

Input voltages greater than 100 V (1000 V range) cre-

ate a self-heating error in the resistor network, as shown
in Figure 3. This easily identified error is simply speci-
fied as part of the instrument's published error.

Additional measurements result in constants to com-
pensate for switching transients and leakage currents.

Py
>

Lnput Voltage




Resistance and DC Current Adjustments 3. Measure the internal reference resistor relative
to the external standard, and store the
difference as a reference adjustment. {When
subsequently invoked, auto-calibration uses
this stored value to re-determine adjustment
constants.)

Calibration of all resistance (nine ranges from 10 Q to
1 GQ) and DC current ranges (eight ranges from 100 nA
to 1 A) requires only one external resistance standard.
Resistance is measured by applying a known current
through the unknown resistance and measuring the ]
voltage across it. Current is measured by applying the . Use the calibrated internal reference resistor to
unknown current through a known shunt resistor and adjust current source values used for other
measuring the voltage across it. The process explained resistance ranges.
previously has already corrected errors in the DC volt- . Use calibrated current sources to adjust shunt
age input path. Measuring the actual values of the cur- resistor values used for DC current
rent sources and shunt resistors results in the additional measurements.
information needed to adjust resistance and current

Leakage currents for resistance measurements and
measurements.

offsets produced with shunt resistors for current mea-
Both current and resistance are calibrated concurrent- surements are additional sources of error. Adjustment

ly. For resistance measurements, a current source pro- of these errors is simply a matter of measuring and stor-

vides 500 nA to 10 mA, depending on the measurement ing the results as adjustment constants.

range. Current measurements use shunt resistor values

that vary from 0.1 € to 545.2 k.

The user enters the exact value of the external 10 ! ] ) ¢ 1 d ¢
kilohm standard (for example, "CAL 10E3"). The follow- __Routine calibration of AC voltage and current func-

ing sequence, performed automatically by the HP 3458A tions requires no externa% AC stan.darqs. To accurately
Multimeter, determines adjustment constants for all measure AC signals, the internal circuits must have con-
ranges of resistance and DC current: stant gain versus frequency of the input signal. An HP

\ patented technique electronically adjusts the entire AC

1. Make a four-wire offset-compensated measure-  goction, shown in Figure 4. This technique first adjusts
ment of the external "10 kQ" standard using the frequency response flatness of the AC attenuator net-
10 kQ range. work, then adjusts gains of the RMS converter and

2. Use the ratio of the measured and actual values  track-and-hold amplifier.

as the 10 kA range calibration constant (current Similar to the adjustment of an oscilloscope probe,
source adjustment for the 10 kQ range). proper adjustment of the AC attenuator network pro-
duces a maximally flat response to a step input voltage,

AC Flatness and Gain Adjustments

Figure 4.

The AC input paths are
first adjusted for flatness.
Later, in the normal
calibration process, gain
adjustments are made.

AC INPLT

AG altenualor
electronicall
adpusted to be flat

A

12bitg
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as shown in Figure 5. A circuit that responds to a step
input with an undistorted step output has constant gain
versus frequency of the input signal, which can be
shown using Fourier transform theory.

The HP 3458 A Multimeter produces the required step
input voltage. Then, its analog-to-digital converter sam-
ples the attenuator output. These measurement results
determine constants used to control the output of the
flatness adjusting DAC. Control of the DAC output
effectively changes the resistance in one leg of the atten-
uator to produce the desired maximally flat response.
Calibration constants are separately determined for each
AC range.

AC converters normally have turnover errors. A
standard metrology practice is to use + signals to correct
these errors. A shorter time between samples of these
+ signals reduces 1/f noise. Thus the HP 3458A
Multimeter samples at a higher rate to give 1/f rejection,
as indicated in Figure 6.

These signals are applied to the RMS converter and
track-and- hold amplifier paths. Attenuated or ampli-
fied levels produce inputs appropriate for each of six AC
voltage ranges. The HP 3458A Multimeter measures the
correct values of these DC levels with the DC input path
that has already been calibrated. These known values
are compared with the measured gains of the RMS con-
verter and track-and-hold amplifier paths. Gain con-
stants are the result of transferring accuracy between
ranges, as discussed under DC gain adjustments.

Gain of the RMS converter is non-linear at one-tenth
full scale. This non-linearity is effectively an offset cor-
rected by applying the chopped DC levels at one-tenth
the full-scale voltage.

One-time Adjustments

The following electronic adjustments are only per-
formed once at the factory or following repair of the cir-
cuitry involved.

1. Determine the actual frequency value of the crys-
tal used for frequency and period measurements.

2. Adjust time base interpolator accuracy.

3. Adjust high frequency response of the AC
attenuator and amplifier by transfer of
accuracy at 100 kHz to 2MHz and 8MHz.

Traceability

The above methods result in all functions and ranges
being traceable to one or both of the internal reference
standards. These internal standards are, in turn, trace-
able to the external standards. The problem is knowing
the uncertainty to which they are traceable. The answer
lies in knowing the maximum uncertainty of each trans-
fer measurement made. The dominant sources of trans-
fer uncertainty are the linearity errors of the internal cir-
cuits and the noise of each measurement. Each transfer
measurement contributes some error. With multiple
transfers between ranges, the error is cumulative.

However, the excellent short-term stability of the
internal references and the superior linearity of the ana-
log-to- digital converter minimizes these errors. For
example, the cumulative transfer error for the HP 3458A
Multimeter is less than 1 part per million on the lower
three DC volt ranges.

All calibration transfer errors and noise errors are
included in the published accuracy specifications of the
HP 3458A Multimeter.

Figure 5.
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Summary

Electronic internal calibration of the HF 3458A
Multimeter simplifies and shortens the calibration time,
while maintaining accuracy and traceability. This multi-
meter removes all drift errors, with the exception of the
internal reference standard drift errors. As a result, the
scheme relies on the excellent stability of the reference
veltage and resistor, and superb linearity of the analog-
to-digital converter.

Depending on the application, auto-calibration using
the internal reference standards results in one or more of
the following bencfits:

* Improved measurement accuracy
* Extended time between calibrations
*+ Extended operating temperature range

* Reduced errors resulting from other
environmentally- caused errors, such as circuit
changes with humidity

These benefits are especially significant when com-
pared with earlier generation multimeters used in
metrology, electronic test, and many other demanding
applications.

There are a total of 253 calibration constants stored in
the HP 3458A Multimeter (these constants can be
queried}. Of these constants, only 44 are routinely deter-
mined from external measuremcnts,

Externally Derived Calibration Constants
Offset Constants:

DC volts, 0.1V to 10 V ranges,
Front and rear input terminal paths;
6 offset constants

Two-wire resistance, 10 £ to 1 GL2 ranges,
Front and rear input terminal paths;
18 offset constants

Four-wire resistance, 10  to 1 G ranges,
Front and rear input terminal paths;
18 offset constants

Internal Reference Constants:

Voltage — value of internal reference voltage;
1 constant

Resistance — value of internal reference resistor;
1 constant

Of the remaining 209 calibration constants in the
instrument, 6 are determined through one-time external
calibrations. These constants provide adjustments for
frequency and period measurements, time base interpo-
lation, and the high frequency (beyond 2 MHz) AC
response,

Six additional constants are provided for user conve-
nience. These constants record the temperature of the
last offset calibration, last external voltage standard cali-
bration, last external resistance standard calibration, last
auto- calibration of DC, last auto-calibration of AC, and
last auto-calibration of resistance.

The remaining 197 constants are determined through
internal ratio transfer measurements as previously
described. These constants are also updated each
time auto-calibration (ACAL ALL) is executed, reducing
time, temperature, or environmentally-induced drift
errors, This capability enhances measurement accura-
cies over extended time intervals and operating temper-
ature ranges.

Electronic Calibration of the HP 3458A
B-7




